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BUREAU  OF  NAVAL  WEAPONS 


FOREWORD 


This  report  was  prepared  for  the  United  States  Navy  by  the  Cornell 
Aeronautical  Laboratory,  Inc.  ,  Buffalo,  New  York,  in  fulfillment  of  the  re¬ 
quirements  of  Contract  N0w-60-0393, 

The  work  reported  herein  was  performed  by  the  Flight  Research  De¬ 
partment  under  the  sponsorship  of  the  Bureau  of  Naval  Weapons.  Messrs, 
William  Koven  and  Harold  Andrews  of  the  Stability  and  Control  Section,  Air¬ 
frame  Design  Division  provided  technical  administration  of  the  project. 

The  flight  tests  were  conducted  at  the  Naval  Air  Test  Center,  Patux¬ 
ent  River,  Maryland,  Office  facilities  and  maintenance  assistance  were  pro¬ 
vided  by  the  Flight  Test  Division,  The  evaluation  tests  were  performed  by 
pilots  from  the  Flying  Qxialities  and  Performance  Branch  of  the  Flight  Test 
Division,  and  by  staff  pilots  from  the  Test  Pilot  School. 

The  cooperation  and  assistance  given  by  all  Naval  personnel  involved 
is  gratefully  acknowledged. 
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ABSTRACT 


Two  flight  evaluation  test  methods  for  determining  aircraft  handling 
qualities  requirements  have  been  investigated  and  are  compared  in  this  report: 

1)  limited  evaluation  time  with  only  five  to  seven  minutes  allowed  per  config¬ 
uration,  including  comment  time,  for  a  sample  of  15  pilots;  and  2)  unlimited 
evaluation  time  with  no  time  restrictions  for  a  sample  of  3  pilots.  Naval  Air 
Test  Center  pilots  accomplished  the  flight  evaluations  in  the  Cornell  Aero¬ 
nautical  Laboratory  longitudinal  variable  stability  B-26  airplane.  The  limited 
evaluation  data  exhibit  a  tendency  toward  compression  of  the  rating  scale  in  that 
a  smaller  range  of  ratings  is  used  as  compared  with  that  used  in  the  unlimited 
evaluation  but  the  difference  is  not  large.  The  unlimited  evaluation  time  method 
is  shown  to  be  superior  for  handling  qualities  research. 


iii 
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SECTION  I 
INTRODUCTION 

Investigations  using  variable  stability  airplanes  (e.  g.  ,  References  1 
and  2)  have  been  accomplished  toward  the  determination  of  longitudinal  handling 
qualities  requirements.  This  work  has  generally  utilized  from  one  to  three 
pilots  in  flight  evaluations  in  which  pilot  ratings  comprise  the  measuring  tool. 

Such  investigations  usually  allow  the  pilot  an  unlimited  time  for  the  evaluation 
and  rating  of  each  configuration.  This  method  results,  in  time  requirements 
approaching  as  much  as  30  minutes  for  each  configuration  evaluated  (Reference 
8).  It  is  evident  that  this  time  requirement  limits  the  number  of  pilots  and  the 
number  of  repeat  evaluations  by  each  pilot  that  can  be  employed  in  a  given  pro¬ 
gram.  As  a  result  flight  evaluations  generally  employ  only  from  one  to  three 
pilots.  Although  such  small-size  pilot  samples  have  resulted  in  much  good  data 
in  this  area,  the  question  of  the  general  applicability  of  such  data  has  contin¬ 
ually  arisen.  The  need  has  long  existed  for  a  comparison  of  the  results  of  many 
pilots  with  those  obtained  with  only  a  few  pilots. 

Flight  evaluations  by  many  pilots  of  a  representative  range  of  handling 
qualities  can  be  obtained  in  a  wieldy  program  only  if  the  evaluation  time  allowed 
per  configuration  is  limited.  Thus,  a  test  of  the  question  of  the  effects  of  sam¬ 
ple  size  will  usually  also  include  a  comparison  of  evaluations  employing  unlim¬ 
ited  pilot  evaluation  time  with  those  employing  some  arbitrary  time  limit. 

Therefore,  the  Cornell  Aeronautical  Laboratory,  under  Bureau  of  Naval 
Weapons  sponsorship,  undertook  a  program  designed  to  supplement  and  extend 
the  tests  of  References  1  and  2  by  using  more  pilots.  The  tests  were  designed 
to  compare  the  relative  value  of  short-look  evaluations  with  many  pilots  and 
long-look  evaluations  with  a  few  pilots.  The  same  variable  stability  B-26  which 
was  used  in  the  tests  of  Reference  1  was  already  stationed  at  the  Naval  Air  Test 
Center,  Patuxent  River,  Maryland  in  connection  with  another  project.  This  air¬ 
plane  and  its  crew  were  utilized  on  the  project  reported  herein  to  take  advantage 
of  the  ready  availability  of  the  large  pool  of  trained  test  pilots  at  the  Test  Center. 
The  test  airplane,  presently  owned  by  the  Cornell  Aeronautical  Laboratory,  was 
developed  and  has  been  used  for  studies  of  handling  qualities  under  Air  Force 
and  Navy  sponsorship. 

Some  words  are  used  with  a  special  meaning  in  this  report,  and  these 
words  will  be  discussed  here.  Each  combination  of  stability  and  control  char¬ 
acteristics  is  referred  to  as  a  "stability  configuration",  or  just  plain  "config¬ 
uration".  The  word  is  used  herein  to  mean  the  set  of  aircraft  characteristics 
which  are  kept  constant  for  a  given  test  run.  Although  the  actual  physical  shape 
of  the  airplane  was  unchanged  as  the  stability  characteristics  were  altered  through 
the  variable  stability  system,  the  term  "configuration"  was  used  naturally  by  the 
pilots  to  denote  the  different  sets  of  stability  characteristics  and  it  is  so  used  here. 

The  tests  in  which  many  pilots  fly  each  stability  configuration  for  a  lim¬ 
ited  time  before  evaluating  it  will  be  called  the  "short-look"  tests,  while  those  in 
which  the  pilots  fly  each  configuration  for  an  unlimited  time  before  recording 
their  comments  and  ratings  will  be  called  the  "long-look"  tests. 
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Pilot  rating,  as  used  in  this  report,  is  the  rating  of  the  pilots  as  to  the 
suitability  of  a  given  set  of  stability  characteristics  for  performing  a  given 
task.  The  rating  is  determined  individually  while  each  pilot  actually  performs 
the  task,  or  at  least  the  components  of  the  task,  and  includes  his  evaluation  of 
the  effort,  skill,  concentration  and  the  practicability  of  any  special  techniques 
required  to  accomplish  the  task  as  well  as  his  performance  in  actually  accom¬ 
plishing  it. 
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SECTION  II 
EQUIPMENT 


The  airplane  used  in  these  tests  was  the  same  variable  stability  Doug¬ 
las  B-26  (Figure  1)  used  in  the  tests  of  Reference  1,  The  theory  and  opera¬ 
tion  of  the  equipment  were  described  in  References  4  and  5.  Briefly,  the 
variable  stability  equipment  varied  the  static  and  dynamic  stability  and  the 
control  force  characteristics  over  wide  ranges  in  flight,  A  large  variety  of 
handling  qualities  was  presented  to  the  pilot  in  a  reasonably  short  time  and 
all  in  the  same  airplane,  eliminating  the  effects  of  changes  in  cockpit  environ¬ 
ment  which  would  occur  if  the  differences  in  handling  qualities  were  obtained 
by  flying  different  airplanes.  Furthermore,  with  the  variable  stability  air¬ 
plane,  independent  control  of  the  variables  allowed  investigation  of  the  effects 
of  variables  singly  and  in  combination. 

The  longitudinal  variable  stability  B-26  was  developed  by  Cornell  Aero¬ 
nautical  Laboratory  under  Air  Force  sponsorship,  and  has  been  used  in  a  num¬ 
ber  of  handling  qualities  investigations  conducted  by  the  Cornell  Aeronautical 
Laboratory  under  Air  Force  and  Navy  sponsorship.  The  frequency  responses 
of  the  elevator  and  stick  servos  are  shown  in  Figures  2  and  3,  The  stick  servo 
provided  the  motion  of  the  pilot's  stick  as  he  applied  force  on  it.  The  elevator 
servo  responded  directly  to  the  stick  force  exerted  by  the  pilot,  and  so  the 
pilot's  commands  were  transmitted  directly  to  the  elevator  without  the  inter¬ 
vention  of  the  stick  servo  frequency  responses. 

The  variable  stability  equipment  was  calibrated  in  flight  to  obtain  a  plot 
of  frequency  and  damping  of  the  short  period  longitudinal  motion  as  a  function  of 
settings  of  the  variable  stability  equipment.  The  static  gains  of  the  variable  sta¬ 
bility  channels  were  checked  each  day  before  flight,  and  the  dynamic  response 
of  the  servos  to  a  step  input  was  observed.  The  frequency  response  of  the  ser¬ 
vos  was  checked  at  each  airplane  100-hour  check,  and  at  occasional  times  be¬ 
tween  airplane  checks.  In  addition,  the  safety  pilot  noticed  the  dynamic  perform¬ 
ance  of  each  configuration  as  it  was  presented  to  see  if  it  was  what  he  expected. 
Since  the  tests  were  repeated  many  times  and  were  preceded  and  intermixed 
with  a  stability  demonstration  program  using  the  same  airplane,  the  safety  pilot 
became  quite  familiar  with  the  appearance  of  the  motion  in  response  to  an  ele¬ 
vator  pulse  and  could  maintain  a  running  check  on  the  behavior  of  the  equipment 
as  well  as  detecting  gross  errors  in  setting  up  each  configuration.  Gain  changes 
in  the  equipment  were  rare  during  the  course  of  the  evaluation  program,  and  the 
repeatability  of  the  configurations  was  good. 

The  flight  evaluations  were  done  at  the  nominal  test  conditions  of  200  mph 
IAS  and  8000  feet  pressure  altitude.  During  the  maneuvers  the  speed  changed 
somewhat,  and  the  pilots  were  instructed  to  keep  the  speed  between  180  and  230 
mph.  Outside  of  this  range  the  alteration  of  the  stability  characteristics  with 
speed  became  noticeable.  The  speed  limitation  meant  that  the  dives  for  track¬ 
ing  ground  targets  had  to  be  relatively  shallow  to  allow  a  sufficiently  long  time 
for  the  pilot  to  observe  how  the  characteristics  affected  his  ability  to  acquire 
and  track  a  target. 

The  stick  force  per  g  was  maintained  constant  at  40  Ib/g  for  all  of  the 
test  configurations.  This  value  was  considered  reasonable  and  pleasant  for  the 
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test  airplane,  although  it  is  high  by  fighter  airplane  standards.  Stick  travel  per 
stick  force  was  constant  at  0.  07  in,  /lb  (14.  3  Ib/in. ).  Friction  in  the  elevator 
control  system  was  essentially  zero  while  the  variable  stability  system  was  in 
use.  Values  of  the  coefficients  of  pertinent  longitudinal  transfer  functions  are 
given  below. 

Pitch  rate  (  Q  )  and  normal  acceleration  (  7?^  )  per  elevator  input  (  S  ) 
may  be  defined  as  follows  for  the  short  period  response  at  constant  airspeed  with 
lift  due  to  elevator  deflection,  Lg  ,  assumed  zero; 

V/S2.Z 


where  for  the  B-26  at  the  above  test  conditions: 

,  lift  per  unit  angle  of  attack  /  mV  =  1,  2  (1 /second) 
,  pitching  moment  per  unit  elevator  deflection  /  ly 


I' 


CO 

s 


=  10. 2  (1/sec^) 
mass  =  834,. 5  slugs 
true  airspeed  =  331  ft/sec 

moment  of  inertia  about  fuselage  reference  pitch  axis 
=  65,  700  slug-ft^ 

longitudinal  short  period  damping  ratio 
longitudinal  short  period  natural  frequency  (rad/sec) 
Laplace  operator. 


Phugoid  characteristics  were  maintained  at  a  period  of  50  seconds  and  a 
damping  ratio  of  0.  05. 

The  airplane  was  limited  to  an  acceleration  of  3.  5  g,  and  2  to  2.  5  g  was  * 
the  maximum  normally  used.  The  limitations  on  speed  and  accelerations  were 
considered  to  be  not  too  restrictive  for  evaluation  purposes,  but  the  pilots  did 
recognize  that  these  limitations  plus  the  other  characteristics  of  the  airplane 
(such  as  a  low  maximum  roll  rate)  made  an  exact  simulation  of  some  fighter 
and  attack  tactics  impossible. 
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SECTION  III 

DESIGN  OF  THE  EXPERIMENT 


The  acceptable  and  unacceptable  regions  of  frequency  and  damping  of 
the  short  period  longitudinal  niotions  were  determined  in  the  tests  of  References 
1  and  2.  The  object  of  this  investigation  was  to  confirm  these  regions,  or  indi¬ 
cate  revision,  and  to  compare  two  different  test  techniques.  The  stability  char¬ 
acteristics  which  were  chosen  as  test  points  were  therefore  selected  in  the  mar¬ 
ginal  regions  to  help  define  the  boundaries.  Figure  4  shows  the  points  selected 
on  a  grid  of  short  period  natural  frequency  vs,  damping.  Included  are  lines 
separating  good  and  bad  regions  on  the  plot  as  determined  from  pilot  rating  data 
in  the  handling  qualities  studies  of  References  1  and  2.  Several  points  were 
chosen  as  repeat  points  to  be  flown  twice  by  a  given  pilot  to  obtain  information 
on  the  repeatability  of  the  rating  data. 

The  higher  frequency  range  of  the  data  of  Reference  2  could  not  be  cov¬ 
ered  in  this  investigation  due  to  limitations  of  the  variable  stability  equipment 
in  this  airplane. 

The  order  in  which  the  stability  configurations  were  presented  to  the  pi¬ 
lots  was  randomized,  and  each  pilot  was  presented  with  a  different  random  order. 
The  tables  of  random  order  of  Reference  6  were  used  to  set  the  configurations  in 
random  order. 

It  should  be  noted  that  the  experiment  was  designed  from  the  outset  to  use 
pilot  ratings  rather  than  task  performance  as  a  measure  of  the  goodness  of  a 
stability  configuration.  The  weakness  of  task  performance  measures  in  airplane 
handling  qualities  work  is  the  difficulty  in  choosing  tasks  and  parameters  to  mea¬ 
sure  which  can  be  shown  to  give  a  valid  measure  of  the  over-all  goodness  of  the 
stability  configuration.  Another  difficulty  arises  from  the  ability  of  the  pilot  to 
compensate  for  the  deficiencies  in  the  handling  qualities,  making  the  task  per¬ 
formance  measurements  relatively  insensitive  to  changes  in  the  handling  qualities. 
This  effect,  which  has  been  noticed  in  some  previous  handling  qualities  studies, 
such  as  References  7  and  8,  has  recently  received  some  clarification  from  studies 
of  the  representation  of  a  human  controller  from  a  servomechanism  viewpoint. 
Reference  9,  for  example,  sets  up  a  servo  model  of  the  human  which  fits  exper¬ 
imental  data,  and  then  shows  how  the  human  alters  his  characteristics  to  fit  the 
dynamics  of  the  device  he  is  operating,  and  how  his  opinion  of  the  goodness  of  the 
device  can  be  related  to  the  amount  that  be  has  to  alter  his  characteristics  to 
maintain  his  task  performance.  This  promising  line  of  attack  has  not  yet  pro¬ 
gressed  to  the  point  where  we  can  dispense  with  experimental  determination,  in 
a  realistic  situation,  of  the  suitability  of  various  handling  qualities  as  determined 
by  pilot  ratings.  The  complexity  of  the  interrelation  between  handling  qualities 
requires  a  high  degree  of  realism  in  the  tests  to  compensate  for  the  inability  of  the 
experimenter  to  control  all  the  necessary  variables,  or  sometimes  to  know  all 
the  variables  which  are,  in  fact,  affecting  the  pilot.  The  variable  stability  air¬ 
plane  is  particularly  well  suited  to  this  kind  of  testing  because  it  provides  a  high 
degree  of  realism  with  convenient  control  over  some  of  the  important  variables. 

Some  special  considerations  were  required  in  the  comparison  of  the  re¬ 
sults  of  the  two  test  techniques.  If  the  long-look  results  were  different  from  the 
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short-look  results,  it  wotild  be  important  to  see  how  those  particular  pilots 
had  compared  with  others  when  they  were  using  the  short-look  technique.  In 
other  words,  it  was  necessary  to  show  whether  the  difference,  if  any,  was  due 
to  the  technique  or  to  the  particular  pilots.  Therefore,  the  long-look  pilots 
were  selected  from  the  larger  pool  of  short-look  pilots.  The  long-look  test 
points  included  all  the  sixteen  short-look  points,  plus  six  repeat  points  plus 
eight  additional  points.  Thus,  a  direct  comparison  between  ratings  for  the 
two  test  techniques  was  possible. 
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SECTION  IV 
TEST  TECHNIQUES 


Subjects 

All  subjects  in  the  evaluation  flights  were  pilots  at  the  Naval  Air  Test 
Center,  Patuxent  River,  Maryland,  All  had  had  training  as  test  pilots  and  were 
either  active  test  pilots  or  were  on  the  staff  of  the  Navy  Test  Pilot  School  at 
Patuxent.  All  were  Navy  or  Marine  pilots  with  operational  experience.  All  of 
the  pilots  had  become  familiar  with  the  B-26  airplane  and  the  variable  stability 
equipment  during  a  stability  demonstration  program  in  which  various  aspects  of 
longitudinal  stability  and  control  were  demonstrated  and  discussed  in  flight. 

This  program,  conceived  as  a  sort  of  laboratory  course  to  supplement  the  aca¬ 
demic  courses  on  the  subject  at  the  Navy  Test  Pilot  School,  consisted  of  two 
flights,  each  of  two  hour's  duration.  None  of  the  pilots  had  recent  B-26  exper¬ 
ience  other  than  this. 

Instructions  to  Subjects 

The  subjects  were  given  a  short  talk  covering  the  purpose  of  the  tests, 
the  technique  to  be  used,  and  the  interpretation  of  the  rating  scale  which  was  used. 
An  outline  of  the  briefing  is  included  as  Appendix  A,  The  pilots  were  told  the  two 
separate  aims  of  the  project,  namely,  additional  data  to  define  the  boundaries  be¬ 
tween  good,  medioc  re,  and  bad  combinations  of  frequency  and  damping  of  the 
longitudinal  short  period  motions,  and  the  comparative  effectiveness  of  long-look 
and  short-look  evaluation  techniques.  The  pilots  knew  that  the  lateral- directional 
characteristics  of  the  airplane  remained  unchanged. 

The  maneuvers  to  be  used  were  discussed  and  the  point  made  that  additional 
maneuvers  could  be  added  if  the  pilot  chose  to  include  them.  The  use  of  the  com¬ 
ment  card  was  discussed,  both  as  a  check  list  to  ensure  that  important  observa¬ 
tions  were  not  inadvertently  left  out  and  as  an  aid  in  helping  the  pilot  to  focus  his 
ideas  on  a  given  stability  configuration.  The  cards  used  in  flight,  listing  the  de¬ 
sired  maneuvers  and  the  items  to  be  commented  upon,  are  shown  in  Tables  I,  II, 
and  III.  The  comment  data  is  useful  to  the  analyst  to  discover  the  reasons  for  the 
pilot's  rating,  and  the  importance  of  the  comments  was  pointed  out  to  the  pilots, 

A  discussion  of  the  rating  scale  was  given  to  promote  uniformity  in  the  in¬ 
terpretation  of  the  scale.  Since  the  ratings  assigned  might  vary  with  the  intended 
use  of  the  airplane,  the  pilots  were  allowed  to  assign  two  ratings,  one  for  the  air¬ 
plane  as  a  tactical  machine  and  the  other  rating  on  its  flyability  in  general.  There 
was  some  difficulty  here,  since  the  B-26  was  not  a  modern  fighter,  in  deciding 
what  kind  of  tactical  airplane  it  might  reasonably  represent.  For  the  purpose,  a 
tactical  airplane  was  defined  as  one  in  which  rapid  and  precise  maneuvering  and 
tracking  would  be  required,  as  well  as  considerable  cruising  under  instrument 
conditions.  Only  four  pilots  gave  two  ratings  for  each  configuration;  the  other 
pilots  gave  only  the  tactical  rating.  In  this  report  only  the  tactical  ratings  are 
presented.  In  general,  a  configuration  was  rated  about  one  unit  more  favorable 
(lower  score)  for  utility  purposes  than  for  tactical  purposes. 

The  pilots  were  told  to  consider  that  their  evaluation  and  ratings  did  carry 
some  weight,  and  to  consider  the  consequences  of  applying  a  given  rating.  They 
were  told  that  aircraft  designers  would  utilize  the  results  of  their  evaluations  in 
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making  design  decisions  regarding  handling  qualities.  For  example,  if  they 
were  extremely  demanding  and  would  accept  nothing  but  the  best  handling  qual¬ 
ities,  they  might  make  unacceptable  a  design  which  could  have  given  them  mark¬ 
edly  increased  performance  if  they  had  been  willing  to  accept  somewhat  infer¬ 
ior  handling  qualities  as  the  price  they  had  to  pay.  On  the  other  hand,  if  they 
were  too  lenient  and  applied  a  "poor  but  still  acceptable"  rating  to  a  configur¬ 
ation  which  was  in  fact  nearly  unflyable,  they  were  thereby  sanctioning  the  pur¬ 
chase  of  an  airplane  with  these  poor  characteristics  and  might  find  themselves 
making  a  carrier  approach  to  a  pitching  deck  some  dark,  rainy  night  and  wish 
they  had  been  more  realistic  in  their  evaluation. 

The  pilots  who  did  the  long-look  evaluations  had,  of  course,  already  per¬ 
formed  a  short-look  evaluation.  The  differences  in  test  technique  were  explained, 
with  emphasis  on  the  fact  that  they  had  essentially  no  limit  on  the  time  for  each 
configuration  and  could  therefore  fly  long  enough  to  become  familiar  with  some 
unusual  but  perhaps  acceptable  characteristics. 

During  the  flight  the  safety  pilot  monitored  the  comments  and  ratings  as 
the  pilot  gave  them  and  attempted  to  spot  ambiguous  statements  or  omissions  and 
have  the  pilot  clarify  the  point  while  the  events  were  still  fresh  in  his  mind.  A 
deliberate  attempt  was  made  to  avoid  influencing  the  pilot's  ratings,  either  by  re¬ 
marks  or  facial  expressions  as  the  comments  were  being  given.  The  pilots  were 
told  of  this  and  were  advised  that  a  stony  face  and  a  poker  expression  on  the  safety 
pilot  denoted  neither  approval,  disapproval,  nor  a  lack  of  interest  in  the  proceed¬ 
ings,  but  only  an  attempt  to  avoid  coloring  the  evaluation  pilot's  ratings. 

The  pilots  were  also  told  to  expect  that  the  evaluation  procedure  would  be 
hard  work  and  fatiguing,  and  to  call  for  a  break  if  they  found  &eir  interest  flagging. 

Flight  Technique 

The  conduct  of  the  evaluation  flights  was  standardized  as  much  as  possible 
to  avoid  the  introduction  of  uncontrolled  variables  in  the  evaluation.  A  typical 
evaluation  flight  will  be  described,  then  the  differences  between  the  long-  and 
short-look  evaluations  will  be  given. 

The  pilots  had  recently  been  given  a  stability  demonstration  flight  in  the 
test  airplane,  so  they  were  reasonably  familiar  with  the  cockpit  arrangement, 
flight  characteristics  and  limitations  of  the  airplane.  They  were  not  required  to 
be  checked  out  in  the  airplane  or  its  systems.  However,  they  sat  in  the  left  seat, 
which  is  the  normal  first  pilot's  position,  and  their  controls,  instrument  panel 
and  control  console  were  standard  for  the  B-Z6.  The  variable  stability  equipment 
was  under  the  control  of  the  safety  pilot  in  the  right  seat  and  the  crew  member 
in  the  waist  compartment. 

The  take-off  was  made  by  the  safety  pilot,  but  the  evaluation  pilot  flew  the 
airplane  during  the  climb  to  the  test  altitude  and  leveled  off  at  the  test  airspeed. 

The  variable  stability  equipment  was  engaged  and  the  first  configuration  set  up 
by  the  safety  pilot. 

The  standardized  maneuvers  listed  on  the  maneuver  card.  Table  I,  were 
then  per;  rmed  while  the  pilot  considered  how  the  stability  and  control  charac¬ 
teristics  affected  his  ability  to  do  them.  This  set  of  maneuvers  had  been  evolved 
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in  previous  handling  qualities  investigations,  References  1  and  2,  and  was  intended 
to  bring  out  the  various  aspects  of  longitudinal  stability  and  control  in  tasks  rep¬ 
resentative  of  those  encountered  in  tactical  use  of  the  airplane.  The  pilots  were 
allowed  to  perform  any  other  maneuvers  they  felt  were  helpful  to  them;  as  a  mat¬ 
ter  of  fact,  the  standard  set  of  maneuvers  seemed  to  suffice. 

When  the  pilot  had  completed  his  maneuvers,  he  asked  to  have  the  wire 
recorder  turned  on  and  proceeded  to  comment  on  the  configuration,  using  the  com¬ 
ment  card  of  Tables  II  or  III  as  a  guide,  and  applied  his  rating,  using  the  rating 
scale  of  Table  IV,  One  set  of  comments  and  one  over-all  rating  was  given  for 
each  configuration,  except  that  four  pilots  gave  each  configuration  two  ratings  - 
one  for  a  tactical  airplane  and  one  for  a  utility  airplane,  as  discussed  on  page  7. 
Usually  the  configuration  was  still  set  up  while  the  pilot  was  commenting  and  as 
he  described  each  feature  and  how  it  affected  his  rating,  he  would  disturb  the 
airplane  in  a  manner  which  illustrated  his  point.  While  these  demonstrations 
were  not  recorded,  the  fact  that  they  existed  showed  that  the  pilot  did  not  have  to 
rely  entirely  on  his  memory,  but  was  continually  receiving  fresh  impressions 
of  the  configuration  he  was  talking  about. 

Upon  completion  of  the  comments  and  ratings  for  a  given  configuration, 
the  safety  pilot  adjusted  the  knobs  on  the  variable  stability  equipment  to  set  up 
the  next  configuration  and  the  evaluation  pilot  started  on  that  one. 

The  pilots  were  not  told  what  the  characteristics  of  each  configuration  were. 
They  could  get  an  approximate  idea  by  applying  a  pulse  to  the  elevator  and  observ¬ 
ing  the  response  of  the  airplane.  Some  did  this  and  some  did  not,  but  in  either 
case  their  comments  and  their  ratings  were  tied  to  the  behavior  of  the  airplane  in 
the  test  maneuvers  rather  than  to  the  response  to  the  pulse.  In  other  words,  they 
supported  their  ratings  by  phrases  such  as  "Oscillates  too  much  when  disturbed 
while  tracking  or  when  first  acquiring  target",  rather  than  "Response  to  pulse 
shows  light  damping". 

The  pilots  were  not  told  how  their  ratings  compared  with  those  of  other 
pilots,  even  after  their  flight  was  completed.  This  was  done  to  prevent  the  word 
from  spreading  around  among  the  pilots  and  influencing  those  who  had  not  yet 
flown  their  evaluation  flight. 

The  flights  were  conducted  in  VFR  weather  where  the  pilot  maneuvered 
and  navigated  by  reference  to  the  ground.  Evaluation  flying  is  demanding  work 
and  the  addition  of  flying  and  navigating  by  instruments  was  considered  to  inter¬ 
fere  too  much  with  the  evaluation  task,  unless  the  evaluation  was  to  be  primarily 
on  the  suitability  of  the  configuration  for  instrument  flying.  Flights  were  not 
made  unless  the  weather  was  good  enough  to  allow  the  pilot  to  concentrate  on  the 
evaluation  without  worries  as  to  whether  the  weather  was  becoming  marginal  for 
the  operation.  Although  occasional  patches  of  turbulence  were  encountered,  the 
air  was  generally  smooth  during  the  tests.  The  flight  test  altitude  was  usually 
8000  feet,  but  was  varied  from  5000  to  10,  000  feet  if  necessary  to  find  smooth 
air. 

In  the  short-look  evaluation  flights  the  pilot  evaluated  sixteen  configurations. 
He  flew  each  configuration  for  four  or  fjve  minutes,  then  spent  one  to  three  min¬ 
utes  recording  his  comments  and  rating.  About  two  hours  were  spent  in  the  actual 


TB-1444-F-1 


9 


work  of  the  flight,  plus  an  additional  10  or  15  minutes  in  take-off  and  landing. 
Twenty-four  configurations  in  each  flight  had  been  originally  selected  as  de¬ 
sirable  at  five  minutes  each.  The  actual  minimum  time  turned  out  to  be  nearer 
seven  or  eight  minutes,  and  the  number  of  configurations  had  to  be  cut  down  to 
keep  the  length  of  the  evaluation  period  to  about  two  hours.  The  pilots  felt  that 
about  two  hours  was  the  practical  limit.  Beyond  that  time  they  became  fatigued 
and  felt  that  their  evaluations  would  suffer.  The  same  conclusion  had  been 
reached  during  evaluation  programs  conducted  in  the  past  at  the  Cornell  Aero¬ 
nautical  Laboratory.  The  first  pilot  completed  the  first  sixteen  of  his  random¬ 
ized  twenty-four  configurations.  When  it  became  clear  that  twenty-four  was  too 
large  a  number,  the  sixteen  most  important  configurations  were  selected  for  the 
rest  of  the  flights.  The  first  pilot  therefore  did  not  fly  all  of  the  same  sixteen 
configurations  as  the  rest  of  the  pilots  did.  Equipment  trouble  on  one  flight  re¬ 
quired  two  flights  by  that  pilot  to  complete  his  evaluation.  All  the  rest  of  the 
evaluation  pilots  completed  the  same  sixteen  configurations  in  one  flight,  as 
scheduled. 

The  pilots  were  offered  a  short  rest  period  during  the  flight,  but  most  of 
them  preferred  to  get  on  with  the  evaluation  and  did  not  accept  the  offer.  The 
safety  pilot  noted  the  time  spent  on  each  configuration  and  if  the  evaluation  pilot 
began  to  take  too  long  on  each  configuration,  the  safety  pilot  pointed  this  out  and 
speeded  him  up. 

The  long -look  program  differed  in  the  length  of  time  spent  on  each  con¬ 
figuration  and  in  the  details  of  the  comment  and  rating  technique.  The  same  ma¬ 
neuvers  were  performed,  but  the  pilot  was  allowed  as  much  time  as  he  felt  was 
useful  on  each  configuration.  The  total  time  on  each  configuration  varied;  very 
good  or  very  bad  configurations  did  not  take  long  as  a  rule,  but  marginal  or  un¬ 
usual  ones  took  longer.  Three  to  six  configurations  were  evaluated  per  flight, 
with  five  being  the  most  common  number. 

Data  Collection 

The  data  appeared  in  two  forms:  a  rating  of  the  desirability  of  the  config¬ 
uration  and  comments  as  to  the  aspects  of  the  characteristics  which  led  to  the 
rating. 


The  rating  scale  used,  with  definitions,  is  shown  in  Table  IV.  This  ten- 
point  scale  has  evolved  in  past  handling  qualities  tests  performed  by  the  NASA 
and  CAL  and  is  generally  equivalerjt  to  the  scale  (Reference  10)  used  in  NASA 
handling  qualities  tests.  However,  there  are  differences.  The  concept  of  nor¬ 
mal,  emergency,  or  no  operation  is  not  included  in  the  CAL  scale.  Also,  test 
and  mission  definitions  are  part  of  the  pilot  orientation  for  the  particular  eval¬ 
uation  and  not  part  of  the  rating  scale.  Thus,  the  rating  becomes  a  measure 
of  the  suitability  of  a  particular  configuration  for  the  stated  mission  being  eval¬ 
uated  -  in  this  case,  a  tactical  airplane  requiring  rapid  and  precise  maneuvering 
and  tracking. 

The  whole  scale,  with  the  definitions  as  shown,  was  mounted  in  the  air¬ 
plane  in  easy  view  of  the  pilot  to  help  him  keep  his  use  of  the  ratings  as  uniform 
as  possible.  Previous  handling  qualities  tests  at  CAL  had  shown  that  a  scale  of 
about  ten  points  was  right  for  handling  qualities  work,  A  scale  with  many  more 
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points  produced  overlapping  ratings  and  one  with  fewer  points  led  the  pilots  to 
interpolate  intermediate  ratings. 

The  ratings  were  supposed  to  be  given  on  an  absolute  rather  than  rela¬ 
tive  basis.  That  is,  each  configuration  was  supposed  to  stand  by  itself  rather 
than  be  rated  in  comparison  with  some  other  configuration.  The  ratings  were 
given  in  terms  of  whether  the  stability  characteristics  facilitated  or  interfered 
with  the  performance  of  the  maneuvers.  In  practice,  of  course,  the  pilots  were 
using  their  experience  with  other  airplanes  as  some  sort  of  a  guide,  but  the 
ratings  for  each  configuration  were  given  independently  without  apparent  com¬ 
parison  with  other  configurations. 

Comments  were  solicited  to  determine  what  aspects  of  the  motion  of  the 
airplane  affected  the  rating.  This  information  allows  the  analyst  to  present  the 
results  of  the  evaluation  in  terms  which  have  more  utility  to  the  airplane  designer. 
The  comment  cards  of  Tables  II  and  III  were  used  to  force  a  comment  on  each  as¬ 
pect  of  interest  to  assure  the  analyst  that  each  aspect  had  been  looked  at  and  con¬ 
sidered.  Otherwise,  he  could  not  tell  whether  lack  of  a  comment  meant  that  the 
pilot  considered  the  item  unimportant  or  that  it  had  been  overlooked.  The  comment 
card  also  served  to  help  the  pilot  clarify  his  ideas  in  preparation  for  rating  the 
configuration.  The  pilots  were  aware  of  the  fact  that  the  configurations  were  pre¬ 
sented  in  a  random  order  which  varied  from  flight  to  flight,  and  that  comments 
comparing  a  configuration  with  the  preceding  one  were  not,  therefore,  very  help¬ 
ful.  They  therefore  attempted  to  make  their  comments  self-sufficient  for  each 
configuration  rather  than  relative. 

Comments  and  ratings  were  recorded  in  flight  on  a  wire  recorder.  The 
ease  of  talking  compared  to  writing  encouraged  the  pilots  to  amplify  their  com¬ 
ments  more  than  they  would  have  done  had  they  been  required  to  write  them  out. 
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SECTION  V 

STATISTICAL  COMPARISON  OF  TEST  METHODS 


In  this  section  the  two  evaluation  test  methods  will  be  compared  to  de¬ 
termine  if  differences  in  ratings  are  realized  when  the  evaluation  time  allowed 
each  pilot  is  limited  as  compared  with  the  usual  method  of  allowing  unlimited 
evaluation  time.  This  comparison  is  made  through  appropriate  statistical 
techniques  and  by  the  use  of  descriptive  plots  of  the  data  obtained.  The  in¬ 
formation  analyzed  here  consists  entirely  of  the  category  rating  numbers  de¬ 
termined  by  each  pilot  for  each  configuration  evaluated.  The  basic  statisti¬ 
cal  analysis  procedures  used  throughout  are  taken  from  References  6  and  11. 

The  data  obtained  from  each  of  the  two  test  methods  is  analyzed  separately  to 
give  the  variability  among  pilots  and  the  factors  contributing  to  this  variation. 
After  this  analysis,  the  rating  data  obtained  in  each  of  the  two  test  methods  are 
compared  and  the  effects  of  sample  size  are  discussed. 

Limited  Evaluation  Time 

The  pilot  rating  data  obtained  in  this  phase  of  the  investigation  are  pre¬ 
sented  in  Table  V.  An  analysis  of  these  ratings  was  made  to  determine  if  sig¬ 
nificant  differences  existed  between  pilots.  The  basic  analytical  tool  employed 
was  an  analysis  of  variance. 

It  was  assumed  that  each  pilot's  rating  of  each  configuration  was  a  sam¬ 
ple  from  a  normal  distribution.  That  is,  if  each  pilot  were  given  each  of  these 
configurations  to  rate  a  number  of  times,  the  resulting  ratings  for  each  config¬ 
uration  would  form  approximately  a  normal  distribution.  This  assumption  is  in¬ 
herent  to  an  analysis  of  variance.  This  type  of  analysis  also  requires  that  the 
sample  variances  be  homogeneous.  A  Chi  Squared  test  (Bartlett's)  for  the  homo¬ 
geneity  of  variances  for  the  data  from  pilots  A  through  N  and  all  configurations 
shown  in  Table  V,  except  configuration  Z7,  revealed  no  significant  differences  in 
the  variances  among  ei^er  the  data  for  each  configuration  or  the  data  for  each 
pilot.  Pilot  O  was  not  considered  in  this  analysis  nor  in  the  following  analysis 
of  variance  as  his  test  program  could  not  be  completed.  Configuration  27  was 
omitted  also  from  this  analysis  as  pilot  A  inadvertently  was  not  given  this  con¬ 
figuration.  It  would  be  possible  to  utilize  suitable  statistical  techniques  for 
filling  in  tliis  particular  rating,  but  it  did  not  seem  worthwhile  for  this  analysis. 
The  loss  of  the  data  for  this  particular  configuration  does  not  change  the  con¬ 
clusions  resulting  from  the  analysis  of  variance. 

Details  of  the  actual  statistical  findings  are  presented  in  Appendix  B, 
items  1-3.  This  analysis  demonstrated  a  significant  difference  in  the  ratings 
of  pilots  A  through  N  (all  the  pilots).  The  standard  deviation  due  to  pilots  -  in¬ 
terpilot  variability  -  was  found  to  be  0.  66  rating.  In  order  to  investigate  the 
source  of  this  variation  among  the  pilots,  histograms  of  each  pilot's  ratings 
were  constructed  as  presented  in  Figure  5.  It  should  be  noted  that  these  dis¬ 
tributions  should  not  necessarily  be  normal  as  they  are  functions  of  the  particu¬ 
lar  configurations  evaluated,  and  the  configurations  were  chosen  on  the  basis  of 
other  reasons  rather  than  the  distribution  of  their  expected  ratings.  Examina¬ 
tion  of  these  histograms  and  one  of  the  distribution  of  the  means  for  each  pilot 
(also  shown  in  Figure  5)  indicated  that  pilots  B,  F,  G  and  H  were  most  likely  those 
contributing  to  the  significant  differences  found  for  this  particular  set  of  pilots. 
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That  is,  the  orientation  of  these  pilots  with  regard  to  the  rating  scale  or  with 
regard  to  their  own  particular  evaluation  as  to  what  was  desired,  was  shifted 
toward  a  higher  (worse)  mean  rating.  As  indicated  in  Appendix  B,  an  analysis 
of  variance  excluding  only  pilots  B,  G  and  H  was  first  made  and  significant  dif¬ 
ferences  among  the  remaining  pilots  still  existed.  It  was  only  when  pilot  F 
was  also  omitted  from  the  analysis  that  no  statistical  differences  were  found. 

For  each  of  these  three  analyses  of  variance  in  Appendix  B,  the  standard 
deviation  due  to  configurations  remained  essentially  constant.  This  indicates 
that  the  omission  of  the  four  pilots  had  no  effect  on  the  variance  of  the  ratings 
due  to  configurations.  Also,  the  standard  deviation  due  to  error  remained  es¬ 
sentially  constant.  This  error  value  of  <3  =  1.  3  -  1.4  is  a  measure  of  the  exper¬ 
imental  error  due  to  sampling  and  includes  effects  not  otherwise  allowed  for 
such  as  intrapilot  variability  and  possible  variability  in  repeating  configurations. 

This  heuristic  use  of  the  analysis  of  variance  was  employed  only  in  an  at¬ 
tempt  to  isolate  the  contributions  to  the  significant  differences  found.  For  the 
experiment  as  a  whole,  it  must  be  stated  that  significant  differences  among  the 
pilots  were  found.  However,  if  the  aforementioned  pilots  are  removed  from  the 
data,  the  pilot  ratings  among  the  ten  remaining  pilots  are  not  significantly  differ¬ 
ent  statistically.  There  are  no  a  priori  reasons  for  exclusion  of  these  pilots. 

The  actual  causes  for  their  higher  (worse)  average  ratings  can  only  be  surmised. 

As  discussed  later  there  are  reasons  against  exclusion  of  the  data  of  these  four 
pilots  from  the  results. 

There  is  no  evidence  that  particular  configurations  were  contributing  to  the 
rating  differences  among  pilots.  Histograms  of  the  ratings  by  each  pilot  for  each 
of  the  particular  configurations  are  presented  in  Figure  6,  There  are  obvious  dif¬ 
ferences  in  the  distribution  of  ratings  for  each  of  these  configurations,  but  there 
are  no  specific  configurations  that  are  obviously  contributing  to  the  disparity  among 
the  pilots.  In  examining  these  histograms,  it  must  be  remembered  that  each  pilot 
was  given  only  a  total  of  5  -  7  minutes  to  maneuver  the  aircraft,  evaluate  its 
handling  qualities  in  terms  of  the  rating  scale,  and  provide  a  numerical  rating. 

The  ranges  in  ratings  of  as  much  as  7  points  that  were  obtained  for  particular  con¬ 
figurations  seem  inordinately  large.  However,  range  is  an  inefficient  statistic  in 
estimating  variance  and  its  efficiency  is  strongly  affected  by  sample  size. 

The  sample  standard  deviations  determined  for  each  configuration  for  the 
short-look  ratings  by  pilots  A-N  are  presented  in  Table  VII,  These  values  in¬ 
clude  the  total  sampling  variations  for  each  configuration;  they  are  not  the  same 
measures  of  standard  deviation  due  to  pilots  previously  discussed  in  the  analysis 
of  variance.  It  is  assumed  that  the  variability  in  the  configurations  evaluated,  due 
to  gain  changes  in  the  variable  stability  system,  is  constant.  Therefore,  the 
changes  in  standard  deviation  with  configurations  may  be  attributed  to  pilot  rating 
technique.  These  sample  standard  deviations  are  compared  in  Figure  7  with  the 
mean  rating  for  each  configuration  as  given  in  Table  V.  The  linear  correlation 
between  these  two  statistics  is  not  significant.  However,  there  are  indications 
that  this  standard  deviation  is  a  function  of  mean  rating,  as  indicated  in  Figure  7, 
with  the  peak  variation  appearing  in  the  4-5  rating  range.  Linear  correlation  co¬ 
efficients  are  indicated  in  Figure  7  for  the  data  in  two  separate  groups  -  the 
upper  and  lower  ranges  of  mean  rating.  Although  only  in  the  upper  range  of 
rating  is  statistically  significant  correlation  demonstrated,  the  correlation 
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coefficient  for  the  lower  range  strongly  suggests  that  standard  deviation  of 
ratings  is  a  function  of  mean  rating  in  this  range  also.  The  dashed  lines  con¬ 
stitute  a  least  squares  fit  to  the  data  assuming  the  error  to  be  in  the  standard 
deviation  measures. 

The  rating  range  where  the  maximum  rating  variance  occurs  is  in  that 
part  of  the  rating  scale  where  the  handling  qualities  are  neither  good  nor  very 
bad.  It  might  well  be  expected  that  in  this  region  the  variation  among  pilots 
would  be  the  greatest;  or  stated  another  way;  when  configurations  are  either 
very  good  or  very  bad  there  is  less  variability  in  pilot  ratings  than  when  the 
handling  qualities  are  intermediate. 

Unlimited  Evaluation  Time 

Pilots  A,  B  and  C  rated  a  total  of  30  configurations,  using  an  unlimited 
amount  of  evaluation  time  after  completion  of  their  limited  evaluation  flight. 

Their  rating  data  will  be  analyzed  herein  as  an  entity  to  determine  the  inter-  and 
intrapilot  variability  before  comparing  the  results  of  the  two  types  of  evaluation. 

The  data  obtained  are  presented  in  Table  VI.  The  details  of  an  analysis  of  vari¬ 
ance  of  these  data  are  presented  in  Appendix  C.  In  general,  the  results  of  this 
analysis  for  all  30  configurations  were  as  follows:  1)  the  mean  ratings  for  each 
of  the  three  pilots  were  significantly  different;  2)  the  interpilot  variability, 
standard  deviation  due  to  pilots,  was  found  to  be  approximately  0.  76  rating.  An 
additional  analysis  of  variance  was  accomplished  with  only  those  configurations 
which  were  evaluated  during  the  short-look  evaluation.  The  results  of  this  anal¬ 
ysis  were  similar  to  the  analysis  of  variance  for  all  configurations:  1)  the  mean 
pilot  ratings  were  significantly  different,  and  2)  the  standard  deviation  in  ratings 
due  to  pilots  was  approximately  0.  68  rating. 

The  differences  between  the  ratings  of  pilots  A,  B  and  C  were  examined  to 
determine  which  of  the  pilots  was  contributing  to  the  significant  difference.  It 
was  assumed  that  each  of  the  three  possible  comparisons  was  a  separate  exper¬ 
iment.  Although  this  assumption  may  result  in  a  total  experimental  error  rate 
that  is  slightly  larger  than  the  assumed  error  rate,  the  conclusions  drawn  from 
the  "t"  tests  of  the  differences  were  not  affected.  The  "t"  test  of  differences 
tests  the  hypothesis  that  the  mean  of  the  differences  is  not  zero.  This  test  mea¬ 
sures  the  probability  that  the  mean  of  the  sample  of  differences  includes  zero. 

A  value  of  confidence  limits  is  selected  within  which  the  mean  of  the  differences 
could  be  expected  to  occur  if  the  experiment  were  repeated  under  the  same  con¬ 
ditions,  or  replicated.  If  the  mean  of  the  sample  of  differences  could  include 
zero,  for  this  selected  value  of  confidence  limits,  then  there  is  no  significant 
difference  between  the  two  paired  samples.  If  the  mean  of  the  differences  could 
not  include  zero,  then  there  is  a  significant  difference  between  the  paired  sam¬ 
ples.  Confidence  limits  of  95%  are  commonly  used,  although  it  is  generally 
stated  as  a  5%  probability  of  error. 

The  ratings  of  pilot  B  were  found  to  differ  significantly  from  those  of  both 
pilots  A  and  C,  while  the  ratings  of  pilots  A  and  C  were  not  found  to  be  signifi¬ 
cantly  different.  These  conclusions  were  the  same  for  the  data  including  all  con¬ 
figurations  and  for  the  data  including  only  the  short-look  configurations.  The  mean 
of  the  differences  between  pilot  B  and  pilots  A  and  C  varied  from  approximately 
1.  0  to  1.5  ratings  for  the  data  of  all  configurations  and  from  approximately  1.  3 
to  1.4  ratings  for  the  short-look  configurations.  This  range  of  mean  differences 
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is  within  the  range  to  be  expected  for  this  type  of  experiment.  A  similar  range 
of  mean  differences  has  been  reported  in  Reference  8  for  an  evaluation  of  long¬ 
itudinal  configurations  in  a  high  fidelity,  fixed-base  simulator. 

The  separation  of  the  results  into  sets  according  to  the  inclusion  or  ex¬ 
clusion  of  pilots  whose  ratings  have  been  shown  to  be  statistically  significantly 
different  from  the  remainder  has  not  been  done  in  the  belief  that  these  excluded 
ratings  are  not  valid.  Rather,  it  has  been  done  only  to  indicate  the  possible 
variation  in  evaluation  results  that  might  occur.  In  each  test  method,  a  rela¬ 
tively  large  percentage  of  the  pilots  utilized  were  found  to  differ  significantly 
from  their  peers.  For  each  method  this  difference  was  in  the  direction  of  more 
critical  selectivity.  The  fact  that  these  pilots  are  more  demanding  in  their  re¬ 
quirements  on  handling  characteristics  is  not  a  valid  reason  for  the  exclusion 
of  their  data.  Because  of  the  nature  of  the  rating  evaluation  task  and  each  indi¬ 
vidual  pilot's  orientation,  with  respect  to  the  rating  scale  and  the  mission  being 
considered,  it  may  be  that  significant  differences  in  rating  means  among  pilots 
will  be  the  rule  rather  than  the  exception  (significant  differences  will  be  demon¬ 
strated  when  generally  used  probability  levels  are  employed),  .  A  pragmatic  or 
utilitarian  evaluation  of  the  rating  results  obtained  including  these  variations  in 
means  may  be  required  rather  than  a  specific  statistical  comparison  with  some 
level  of  significance. 

During  the  long -look  evaluation,  repeat  evaluations  by  each  of  the  three 
pilots  were  obtained  for  each  of  six  different  configurations.  The  results  of  these 
repeat  evaluations  are  presented  in  Figure  8.  A  "t"  test  of  the  differences  for 
each  pilot  demonstrated  no  statistically  significant  differences  between  the  initial 
rating  and  the  repeat  rating  of  a  given  configuration  by  a  given  pilot.  This  state¬ 
ment  does  not  imply  that  there  were  no  differences;  it  merely  says  that  the  dif¬ 
ference  between  the  initial  and  the  repeat  rating  is  randomly  scattered  and  does 
not  show  a  pattern  such  as  the  repeat  rating  being  always  higher  (or  lower)  than 
the  initial  rating.  Inherent  in  the  "t"  test  is  the  assumption  that  variance  does 
not  vary  significantly  as  a  function  of  rating,  that  is,  the  scatter  is  similar  for 
low,  medium  or  high  ratings.  In  the  discussion  cf  interpilot  variability  in  the 
short-look  evaluations  (pp.  13-14),  the  variance  was  shown  to  be  higher  for  the 
medium  ratings  than  for  the  low  or  high  ratings.  Thus  the  scatter  was  not  inde¬ 
pendent  of  the  value  of  the  rating,  violating  one  of  the  assumptions  upon  which  the 
"t"  test  is  based.  This  suggests  that  the  "t"  test  as  applied  to  intrapilot  variabil¬ 
ity  may  not  be  valid.  Determination  of  intrapilot  variability  was  not  a  primary 
otjjective  of  this  project,  and  the  data  obtained  from  the  relatively  small  number 
of  repeat  runs  is  insufficient  to  show  whether  the  variance  of  the  ratings  by  one 
pilot  was  a  function  of  the  rating  itself.  However,  the  "t"  test  is  relatively  in¬ 
sensitive  to  departures  from  the  assumptions  upon  which  it  is  based,  so  the  in¬ 
formation  given  by  it,,coup]ed  with  the  appearance  of  the  plots  of  Figure  8,  con¬ 
firm  the  statHSme-nt  that  repeat  ratings  by  a  pilot  do  not  show  a  systematic  differ¬ 
ence  from  his  initial  ratings. 

Standard  deviations  about  the  line  for  perfect  agreement  (line  with  slope 
equal  to  1, 0  in  Figure  8)  were  determined  as  follows; 

Pilot  Standard  Deviations 
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These  values  of  standard  deviation  are  approximate  estimates  of  each 
pilot's  variability  as  if  he  were  repeating  the  evaluation  of  a  single  configuration. 

If  a  large  sample  of  data  were  obtained,  a  slope  value  of  1.  0  (or  zero  mean  error 
between  the  first  and  second  ratings)  would  be  the  best  estimate  for  the  population 
and  is  therefore  the  reference  about  which  these  standard  deviations  were  measured. 

The  sample  size  from  which  these  measures  of  intrapilot  variability  were 
obtained  was  rather  small.  However,  the  values  obtained  are  within  the  range  mea¬ 
sured  for  each  of  two  pilots  in  the  investigation  of  Reference  8,  These  standard 
deviations  include  possible  contributions  due  to  variations  in  repeated  configurations 
as  a  result  of  variable  stability  system  variations. 

Effect  of  Sample  Size 

It  has  been  shown  in  the  discussion  of  the  data  obtained  with  limited  eval¬ 
uation  time  that  the  statistically  significant  difference  among  pilots  can  be  elimi¬ 
nated  by  removing  the  data  for  four  of  fourteen  pilots.  This  is  a  demonstration  of 
an  effect  of  sample  size.  In  any  sample  of  pilots  selected  for  this  type  of  research, 
the  mean  ratings  for  each  pilot  of  the  configurations  evaluated  will  form  some  dis¬ 
tribution,  The  distribution  resulting  from  this  investigation  has  been  discussed  and 
is  shown  in  Figure  5.  It  is  apparent  that  comparison  of  different  sample  sizes  de¬ 
pends  entirely  upon  that  part  of  the  distribution  into  which  particular  samples  hap¬ 
pen  to  fall. 

The  sample  comparison  that  is  important  to  this  analysis  is  the  one  that 
compares  pilots  A  through  C  with  pilots  D  through  N.  Pilots  A,  B,  and  C  were  used 
in  both  the  short-  and  long-look  test  methods.  The  validity  of  the  comparison  of 
the  two  test  methods  will  be  enhanced  if  these  three  pilots  are  representative  of 
the  entire  group  of  short-look  pilots.  These  three  pilots  were  selected  only  because 
of  their  availability  for  this  particular  program.  No  attempt  was  made  to  select 
them  on  the  basis  of  skill  as  pilots  or  experience  in  flight  testing. 

Examination  of  the  distribution  of  the  mean  ratings  for  each  pilot  (Figure  5) 
suggests  that  their  ratings  might  well  be  representative  of  the  group  as  a  whole. 
Also,  it  has  already  been  determined,  earlier  in  this  section,  that  pilots  A  and  C 
were  part  of  the  group  of  ten  pilots  whose  ratings  were  not  significantly  different 
while  pilot  B  was  one  of  the  group  of  four  pilots  whose  ratings  were  significantly 
different  from  the  group  of  ten.  Additional  statistical  evidence  is  presented  in 
Appendix  B,  item  4,  The  analysis  of  variance  of  item  1  of  Appendix  B  is  expanded 
to  include  a  comparison  of  pilots  A  through  C  with  the  remaining  short-look  pilots, 

D  through  N.  These  two  groups  are  not  significantly  different. 

Thus,  all  evidence  leads  to  the  conclusion  that  pilots  A,  B,  and  C  are  rep¬ 
resentative  of  the  entire  group  of  short-look  pilots. 

Comparison  of  Results  with  the  Two  Test  Methods 

In  comparing  the  short-look  test  method  with  the  long-look  test  method, 
each  pilot's  ratings  for  the  two  methods  were  paired  for  each  configuration  tested. 
The  difference  between  each  of  these  ratings  was  determined  and  a  "t"  test  of 
these  differences  made.  No  significant  differences  were  measured  in  each  of  the 
three  pilots'  (A,  B  and  C)  ratings  by  the  two  test  methods. 
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However,  this  test  of  differences  will  not  necessarily  show  up  systematic 
functions  of  differences.  Therefore,  the  differences  between  the  two  test  meth¬ 
od  ratings,  long -look  minus  short-look,  were  plotted  versus  the  long -look  ratings 
and  are  presented  in  Figure  9.  Correlation  coefficients  were  calculated  for  each 
of  these  three  sets  of  data  and  are  presented  on  Figure  9.  A  significant  correla¬ 
tion  was  determined  in  the  data  of  pilots  B  and  C,  A  least  squares  fit  to  these 
data  is  indicated  by  the  dashed  lines  on  Figure  9.  This  least  squares  fit  assumes 
all  the  error  to  be  in  the  short-look  data.  It  is  concluded  that  pilots  C  and  B 
tended  to  reduce  the  range  of  ratings  used  in  the  short-look  evaluation  as  com¬ 
pared  with  the  range  used  in  the  long-look  evaluation.  That  is,  configurations 
rated  poorly  during  the  long-look  evaluation  were  rated  as  better  during  the  short- 
look  evaluation  and  configurations  rated  as  good  during  the  long -look  evaluation 
were  rated  less  good  during  the  short-look  evaluation.  This  tendency  toward 
"centration"  in  use  of  the  rating  scale  during  the  short-look  evaluation  is  not  ap¬ 
parent  in  the  data  of  pilot  A, 

A  further  study  of  this  phenomenon  of  "centration"  is  presented  in  Figure 
10.  Here  the  means  for  each  of  the  short-look  configurations  are  plotted  versus 
the  corresponding  means  for  the  three  pilot  long-look  evaluation.  The  two  pos¬ 
sible  least  squares  fits  to  these  data  are  indicated;  6^^  ,  assuming  all  the  error 
to  be  in  the  short  look  data;  and  ,  assuming  all  l5ie  error  to  be  in  the  long- 
look  data.  Figure  10  includes  a  line  of  perfect  agreement,  i.  e, ,  a  line  plotted  to 
illustrate  how  the  data  would  look  if  the  short-look  and  long-look  tests  produced 
identical  results.  It  is  apparent  that,  for  the  samples  of  pilots  and  configurations 
evaluated  in  this  investigation,  limiting  the  evaluation  time  results  in  a  reduction 
of  the  total  range  of  rating  scale  utilized  by  the  pilots.  When  a  limited  time  eval¬ 
uation  test  method  is  used,  the  evaluation  pilots  do  not  have  the  opportunity  to  ade¬ 
quately  investigate  a  particular  configuration  for  all  the  pertinent  maneuvers  or 
to  get  a  feel  for  its  particular  idiosyncrasies.  Apparently  there  is  a  tendency  to 
down- rate  a  particularly  good  configuration,  due  perhaps  to  a  concern  that  it  may 
have  less  good  features  that  were  not  seen  in  the  short  time  available.  Similarly, 
there  may  be  inadequate  time  to  explore  poor  configurations  to  ascertain  if  they 
have  even  more  degraded  characteristics  than  are  apparent  for  a  limited  look. 
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SECTION  VI 

PILOT  RATING  BOUNDARIES 


In  this  section,  the  pilot  rating  boundaries  are  presented  and  the  results 
obtained  from  the  short-look  tests  are  compared  with  results  of  the  long-look 
tests.  Results  obtained  in  this  flight  program  are  compared  with  those  of  other 
programs,  including  both  flight  and  ground-based  simulator  tests.  Observations 
made  by  the  safety  pilot,  relating  scatter  in  the  ratings  to  pilot  techniques,  are 
presented  and  discussed. 

Evaluation  Data 

The  evaluation  data  obtained  in  this  investigation  are  presented  in  Figures 
11  through  14  as  plots  of  mean  pilot  rating  vs.  short  period  natural  frequency,  CO  , 
and  short  period  damping  ratio,  ^  .  Based  upon  past  experience,  some  liberties 
have  been  taken  in  fairing  smooth  curves  through  these  data.  Little  difficulty  was 
experienced  in  fairing  the  short-look  data  (Figures  11  and  12).  This  is  attributed 
to  the  smoothing  that  results  from  the  use  of  means  of  large  samples.  The  long- 
look  data,  obtained  with  only  three  pilots,  has  considerably  more  scatter  which 
resulted  in  more  difficulty  in  curve  fairing.  A  good  example  of  this  is  in  the  data 
for  0.  3  natural  frequency.  In  the  short-look  ratings  (Table  V)  three  pilots,  B,  D, 
and  F,  rated  0.  8  damping  ratio  at  least  two  rating  points  worse  than  0,  4  damping 
ratio.  The  remaining  pilots  did  not  show  this  decrement,  in  fact  the  majority  pre¬ 
ferred  a  damping  ratio  of  0.  8  over  0.  4.  Averaging  the  data  from  14-15  pilots, 
a  relatively  flat  pilot  rating  curve  ior  =  0,  3  above  ^  =  0,  4  is  obtained  whether 
all  pilots  are  included  (Figure  11)  or  whether  pilots  B,  F,  G,  and  H  are  elimi¬ 
nated  (Figure  12).  In  the  long-look  data  with  only  three  pilots,  the  similar  strong 
down- rating  of  the  configuration  ^  =  0,  8  by  pilot  B  results  in  a  relatively  sharp 
peak  in  the  ratings  for  ^  =  0,  3  at  ^  =  0.4  (Figure  13).  When  only  pilots  A  and  C 
are  considered  in  the  long-look  data  (Figure  14)  this  rating  curve  for  oD  =  0.  3  has 
a  shape  quite  similar  to  that  for  the  short-look  data.  Thus,  the  comparison  of 
the  short-look  and  long-look  rating  curves  is  affected  by  the  sample  sizes  in  a 
manner  additional  to  that  discussed  in  the  previous  section.  Individual  pilot 
ratings  have  more  influence  on  the  means  of  small  samples  than  of  large  sam¬ 
ples  -  an  obvious  but  important  consideration. 

Effect  of  Pilot  Technique  on  Ratings 

The  preceding  statistical  discussion  considers  the  information  which  a  sta¬ 
tistical  analysis  can  extract  from  the  data.  In  some  cases  additional  information, 
from  pilot  comments,  may  add  to  the  understanding.  For  example,  the  safety 
pilot  noticed  that  the  rating  of  the  low  frequency,  well-damped  configuration 
(cD  =  0.  3  cps,  ^  =  0.  8)  was  more  affected  by  pilot  technique  than  most  of  the  other 
points.  Pilots  seem  to  use  one  of  two  techniques  when  they  are  controlling  an  air¬ 
plane.  Some  pilots  force  the  motion  to  fit  their  demands,  using  whatever  control 
motion  is  required,  while  others  accept  the  type  of  response  the  airplane  gives 
them  and  plan  their  maneuvers  accordingly.  The  choice  of  technique  does  not 
seem  to  be  a  matter  of  skill;  there  are  examples  of  good  pilots  for  each  tech¬ 
nique.  Furthermore,  a  pilot  may  change  his  technique.  For  example,  a  pilot 
who  generally  uses  the  latter  technique  may  find  himself  in  a  situation  requiring 
immediate  action,  and  force  the  airplane  to  respond  accordingly. 

The  configuration  under  discussion  shows  a  response  to  an  elevator 
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deflection  which  is  typically  rather  slow,  and  does  not  overshoot.  The  natural 
frequency  is  not  so  low,  however,  that  the  pilot  has  airplane -pilot  stability  prob¬ 
lems  unless  he  applies  a  rather  large  and  abrupt  input. 

If  a  pilot  controls  the  airplane  by  applying  an  elevator  input  and  accepting 
the  time  required  for  the  response,  he  will  be  quite  satisfied  with  the  configuration, 
except,  perhaps,  for  complaints  about  the  slowness  of  the  response.  On  the  other 
hand,  if  he  demands  a  prompt  response  and  uses  whatever  elevator  motion  is  ne¬ 
cessary  to  achieve  it,  he  will  be  dissatisfied  with  the  configuration  because  the  ef¬ 
fort  required  to  get  the  prompt  response  is  too  great.  Furthermore,  the  large  ele¬ 
vator  motion  required  to  produce  the  prompt  initial  response  is  apt  to  produce  more 
final  response  than  the  pilot  expected.  His  efforts  to  correct  the  motion  of  the 
airplane  lead  him  to  an  airplane -pilot  system  oscillation. 

The  relatively  low  rating  given  to  this  configuration  by  pilot  B,  compared 
to  the  ratings  by  pilots  A  and  C,  may  be  due  to  this  effect.  As  evidence,  note  the 
long -look  comments  for  this  configuration.  Pilot  B  speaks  in  terms  of  force, 
whereas  pilots  A  and  C  speak  in  terms  of  motion.  The  implication  is  that  pilot  B 
is  speaking  of  the  force  required  to  make  the  airplane  move  the  way  he  wants  it  to, 
while  pilots  A  and  C  are  speaking  of  the  motion  resulting  from  the  control  input 
which  will  eventually  produce  the  desired  final  response. 

As  further  examples  of  this  effect,  consider  the  long-look  comments  for 
configurations  3,  5,  6,  12,  22,  and  24.  Configuration  3  {co  =0,8  cps,  ^  =  ,  5) 
produced  a  quick  response  due  to  its  high  natural  frequency  so  there  was  no  re¬ 
quirement  for  pilot  B  to  force  the  motion.  He  rated  the  configuration  favorably, 
and  his  comments  do  not  mention  effort  required  to  get  the  response  he  liked. 

The  comments  for  configuration  6  ( o)  =  0,6  cps,  ^  =  0.  3)  reflect  pilot  B's  ef¬ 
fort  to  add  damping  to  a  slightly  oscillatory  configuration,  and  his  rating  here  is 
low.  Pilots  A  and  C  apparently  waited  for  the  overshoot  to  disappear  and  then  we 
were  satisfied  with  the  motion.  Notice  again  that  pilot  B  comments  in  terms  of 
forces,  while  pilots  A  and  C  comment  primarily  in  terms  of  resulting  motion. 

The  same  trend  is  evident  in  the  comments  for  configuration  12  (a)  =  0.  5  cps, 

^  =  0,4),  For  the  lower  frequency  of  configuration  22  (a?  =  0.  3  cps,^  =  0.  2) 
pilot  B  complains  of  the  heavy  stick  force,  which  appeared  because  he  was  apply¬ 
ing  a  rather  large  elevator  motion  to  force  a  faster  response  than  would  be  pro¬ 
duced  by  the  amount  of  elevator  required  to  maintain  the  steady  "g"  he  wanted. 

The  large  elevator  motion  then  produced  a  response  which  kept  building  to  more 
"g"  than  he  wanted,  so  he  was  required  to  alter  his  elevator  input.  The  low 
damping  meant  that  the  motion  would  be  oscillatory,  and  in  his  own  words,  he 
"must  fight  it".  Pilot  C  again  comments  in  terms  of  the  motion  that  resulted  from 
his  input,  rather  than  the  input  required  to  counteract  the  motion. 

The  fact  that  we  may  understand  something  of  the  cause  for  a  disagree¬ 
ment  in  rating  does  not  necessarily  allow  us  to  eliminate  the  disagreement.  We 
are  not  willing  to  separate  pilots  according  to  technique,  because  we  have  equally 
expert  pilots  using  different  techniques,  and  because  we  want  the  airplane  to 
have  handling  qualities  suitable  for  any  reasonable  pilot  technique.  We  might 
point  out,  parenthetically,  that  pilot  technique  is  rather  uniform  as  a  rule;  the 
example  of  different  techniques  discussed  above  seems  to  be  an  interesting 
exception. 
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Comparison  of  Teat  Methods 


The  short-look  data  demonstrates  a  greater  effect  of  short  period  fre¬ 
quency  above  a  value  of  65  =  0.  5  than  does  the  long-look  data.  The  long-look 
data  for  all  three  pilots  (Figure  13)  shows  little  influence  of  natural  frequency 
for  values  above  0.  5,  while  the  short-look  data  (Figure  11)  demonstrates  a 
marked  peaking  of  the  curves  of  pilot  rating  vs,  frequency  at  the  different  val¬ 
ues  of  damping  ratio.  Similar  conclusions  are  evident  from  the  short-look  data 
which  excludes  those  pilots  found  to  be  significantly  different  from  the  remainder 
(Figure  12).  The  long-look  data  with  only  pilots  A  and  C  (Figure  14)  indicates 
somewhat  more  influence  of  natural  frequency  than  the  data  for  all  three  pilots 
but  not  as  much  effect  as  that  noted  in  the  short-look  evaluation.  The  elimina¬ 
tion  of  pilots  B,  F,  G,  and  H  in  the  short-look  data  resulted  in  generally  better 
pilot  ratings  for  all  values  of  frequency  and  damping.  The  elimination  of  pilot 
B  from  the  long -look  data  (Figure  14  compared  with  Figure  13)  also  resulted 
in  generally  better  pilot  ratings. 

From  these  data  two  rating  boundaries  were  determined  for  each  of  the 
two  test  methods  and  are  presented  in  Figure  15.  The  two  boundaries  deter¬ 
mined  are  minimum  satisfactory  (3.  5  rating)  and  minimum  acceptable  (6.  5 
rating).  In  general,  these  boundaries  for  each  test  method  are  affected  in  a 
similar  manner  by  the  elimination  of  the  significantly  different  pilots.  The 
largest  difference  is  apparent  in  the  minimum  satisfactory  boundary  as  estab¬ 
lished  with  the  short-look  evaluation.  When  pilots  B,  F,  G,  and  H  are  eliminated 
from  these  results  a  larger  area  of  the  a)  vs.  ^  plot  is  considered  satisfactory. 
The  data  suggest  that  the  four  pilots  who  contributed  to  the  significant  difference 
among  pilots  as  previously  discussed  were  only  slightly  more  critical  in  their 
ratings  of  relatively  poor  configurations,  but  were  considerably  more  critical  in 
their  acceptance  of  relatively  good  configurations  as  satisfactory.  This  further 
suggests  the  possibility  of  interactions  between  the  pilot  ratings  and  the  config¬ 
urations  tested. 

A  plot  of  the  boundaries  obtained  with  all  pilots  in  both  the  short-look  and 
long-look  evaluations  is  presented  in  Figure  l6.  Included  in  this  figure  are  the 
mean  values  of  the  actual  pilot  ratings  for  each  configuration.  This  figure  indi¬ 
cates  graphically  the  differences  in  results  obtained  with  the  two  test  methods. 
The  short-look  results  are  more  critical  in  their  requirements  on  short  period 
frequency  and  damping  in  the  inclusion  of  configurations  within  the  desirable 
areas.  As  configurations  become  less  acceptable  (higher  rating  numbers),  this 
difference  diminishes  until,  at  a  rating  of  7,  the  results  of  the  two  methods  are 
in  good  agreement  for  the  range  of  dynamics  tested.  A  major  difference  in  the 
two  sets  of  boundaries  results  from  the  better  ratings  for  the  long  look  at 
cJ  =  0.  8  cps. 

Comparison  with  Other  Investigations 

In  Figure  17  the  long -look  evaluation  data  obtained  with  all  three  pilots 
are  compared  with  that  obtained  in  other  experiments.  The  unsatisfactory  bound¬ 
ary  of  Reference  2  was  obtained  by  three  pilots  in  a  variable  stability  F-94  with 
a  center-stick  control.  Maneuvers  required  for  each  configuration  were  essen¬ 
tially  identical  with  those  of  the  present  program.  As  a  word  rating  scale  was 
employed  rather  than  the  numerical  scale,  the  boundaries  are  not  directly  com¬ 
parable.  However,  the  unsatisfactory  boundary  of  Reference  2  should  be 
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approximately  comparable  to  the  3,  5  boundary  of  the  present  investigation. 
This  boundary  of  Reference  2  requires  a  somewhat  higher  frequency  as  a  min¬ 
imum  and  allows  less  damping  in  the  upper  range  of  frequencies  than  the  3,  5 
boundary.  The  evaluations  in  both  programs  were  applied  to  aircraft  in  which 
rapid  and  precise  maneuvering  and  tracking  would  be  required.  Values  of 
pertinent  parameters  of  the  transfer  functions  presented  in  Section  II  are 
given  below: 


Parameter 

V,  mph  true 

steady  state  stick  force  per 

normal  acceleration,  Ib/g 

steady  state  pitching  velocity 

per  stick  force,  deg/sec-lb 

*  values  in  parentheses  are  for  one  pilot  -  other  values  are  for  two  other  pilots. 

The  values  of  ,  numerator  time  constant  of  the  transfer  func¬ 

tion,  are  not  sufficiently  different  to  cause  differences  in  pilot  ratings.  The  val¬ 
ues  of  stick  force  per  normal  acceleration  are  quite  different  but  were  selected 
as  approximately  optimum  for  the  range  of  parameters  investigated.  It  is  to  be 
expected  that  the  wheel  control  and  the  lower  acceleration  limits  of  the  B-26  would 
result  in  a  higher  value  of  stick  force  per  normal  acceleration. 

An  optimum  value  of  steady  state  pitching  velocity  per  stick  force,  .  47  deg¬ 
rees  per  second-pound,  was  determined  in  the  investigation  of  Reference  8  for 
a  short  period  natural  frequency,  &?  ,  of  0.  52  cps  and  a  damping  ratio,  ^  ,  of 
0.  33.  The  pitching  velocity  gains  indicated  above  for  the  B-26  and  F-94  are 
approximately  equidistant  from  this  optimum  value.  If  the  fixed-base  simulator 
results  of  Reference  8  are  directly  transferrable  to  in-flight  simulation,  then  the 
difference  in  the  values  of  this  static  gain  between  the  B-26  and  F-94  investiga¬ 
tions  should  have  little  effect  on  pilot  ratings.  However,  there  are  indications 
that  the  stick  forces  were  somewhat  high  for  frequencies  of  0.  6  cps  and  higher  in 
this  B-26  investigation.  (See  discussion  of  pilot  comments  in  Section  VII  and 
particularly  the  long-look  comments  in  Appendix  D. )  If  the  airplane  response  to 
pilot-applied  stick  force  had  been  optimized  for  the  B-26,  better  agreement 
with  the  F-94  data  may  have  resulted  at  the  higher  frequencies. 

A  similar  argument  can  be  developed  for  the  differences  in  the  minimum 
frequency  requirements  for  the  3.  5  or  minimum  satisfactory  boundaries.  There 
were  no  indications  by  the  B-26  pilots  that  stick  forces  were  too  light  or  too  heavy 
in  this  region.  A  recurring  comment  was  the  apparent  change  in  stick  force  as 
a  result  of  attempts  by  the  pilot  to  overdrive  the  response  in  order  to  speed  it  up. 
On  the  other  hand  the  F-94  pilots  (Reference  2)  commented  on  the  apparent  high 
stick  forces  in  this  region. 

In  summary  it  appears  that  optimization  of  the  static  response  gains  with 
natural  frequency  in  both  the  B-26  and'  F-94  tests  would  have  resulted  in  better 
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over-all  agreement  of  the  results.  Such  optimization  would  have  resulted  in  in¬ 
creasing  acceleration  (or  pitching  velocity)  response  per  stick  force  input  with 
increasing  short  period  natural  frequency.  Evidence  for  such  a  change  in  re¬ 
sponse  gain  is  evident  in  the  results  presented  in  Reference  8. 

The  boundary  established  in  the  fixed-base  simulator  results  of  Reference 
8  does  not  allow  for  much  direct  comparison  due  to  the  different  ranges  of  config¬ 
urations  that  were  evaluated.  However,  cautious  extrapolation  of  the  boundaries 
of  Figure  16  would  indicate  good  agreement  with  the  data  from  Reference  8. 

The  original  B-26  "poor"  boundary  is  much  more  critical  than  the  mini¬ 
mum  acceptable  boundary  obtained  in  this  investigation.  This  is  particularly  true 
in  its  exclusion  of  frequencies  above  0.  6  cps  and  is  attributed  to  the  original  vari¬ 
able  stability  equipment  in  the  B-26.  The  servo  natural  frequencies  were  inad¬ 
equately  low  for  this  range  of  dynamic  characteristics.  Also,  the  stick  force  per 
normal  acceleration  was  much  higher  —  66  pounds  per  g  -  for  the  earlier  B-26 
investigation. 


iS 
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SECTION  VII 
PILOT  COMMENT  DATA 


The  pilot  comments  on  each  configuration  are  tabulated  in  Appendix  D. 

The  comments  have  been  edited,  but  the  wording  used  by  the  pilot  has  been  re¬ 
tained  as  much  as  possible.  The  comment  card  served  as  a  guide  or  outline 
for  the  commentary.  Use  of  it  insured  that  important  items  would  not  be  over¬ 
looked,  and  also  gave  uniformity  to  the  format  of  the  comments,  which  was  an 
aid  in  analyzing  them.  The  short-look  comments  were  about  100  words  long, 
while  the  long-look  comments  consisted  of  about  500  words. 

The  pilot  often  commented  upon  what  he  had  to  do  to  make  the  airplane 
behave  the  way  he  wanted  it  to,  rather  than  on  how  it  behaved  if  left  to  itself. 

In  other  words,  a  pilot  is  more  interested  in  the  closed-loop  performance  than 
the  open-loop  performance.  Alternatively,  the  comments  can  be  described  as 
input  oriented,  rather  than  output  oriented.  For  example,  given  a  configuration 
with  light  damping  of  the  short  period  mode,  the  pilot  may  report  stick  force 
variations  (heavy,  lightens,  then  heavy  again),  but  not  comment  explicitly  on  the 
oscillatory  motion.  He  adds  damping  to  produce  a  motion  which  is  not  oscilla¬ 
tory  and  comments  on  the  pilot  input  required  to  produce  that  motion  in  a  basically 
oscillatory  airplane. 

Pilot  comments,  extracted  from  the  long-look  data,  are  located  on  a 
grid  of  short  period  frequency  and  damping  in  Figure  18.  The  mean  rating 
boundaries  of  Figure  16  are  included.  The  comments  explain  why  a  given  rating 
was  assigned,  or  to  put  it  another  way,  they  show  what  aspects  of  the  motion  of 
a  given  configuration  were  the  important  ones.  This  information  is  valuable 
because  the  same  rating  may  be  applied  to  different  configurations  for  quite  dif¬ 
ferent  reasons.  For  example,  configuration  6  (  Ct>  =  .  6,  ^  =  .  2)  and  configura¬ 
tion  26  (  =  .  3,  ^  =  •  8)  received  the  same  mean  rating  although  they  are  quite 

different.  Configuration  6  was  fairly  easy  to  trim,  and  responded  to  the  controls 
promptly,  but  poor  damping  made  tracking  difficult.  Configuration  26,  on  the 
other  hand,  showed  no  tendency  to  bobble,  and  steady  tracking  was  easy;  but 
the  rather  low  natural  frequency  made  it  difficult  to  shift  the  point  of  aim  quickly 
or  maneuver.  The  airplane  tended  to  keep  moving  after  the  pilot  expected  the 
motion  would  stop,  not  in  an  oscillatory  fashion  due  to  poor  damping,  but  be¬ 
cause  the  low  frequency  gave  a  long  response  time,  which  the  pilot  was  not  able 
to  predict  accurately. 

Another  interesting  example  of  the  value  of  comments  is  given  by  config¬ 
uration  28  (  ^  =  .  2,  ^  =  .  5).  This  is  a  low  frequency,  reasonably  well  damped 
configuration,  and  might  be  expected  to  lead  to  comments  such  as  "sluggish"  or 
"slow  to  respond".  These  comments  appear,  but  the  major  reason  for  the  low 
rating  assigned  to  it  is  the  tendency  for  the  pilots  to  produce  an  oscillation.  The 
fact  that  the  pilots  find  a  sufficiently  low  frequency  oscillation  difficult  rather 
than  easy  to  control  is  important,  and  would  not  be  apparent  if  only  ratings  were 
used.  No  attempt  was  made  in  this  investigation  to  delineate  the  range  of  vari¬ 
ables  over  which  this  low  frequency  pilot-induced  oscillation  may  appear. 
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Comparison  of  Long-Look  and  Short-Look  Comments 

The  additional  time  spent  on  each  configuration  could  be  expected  to 
produce  better  comment  data  from  the  long-look  evaluation  and  in  fact,  it  does. 
The  difference  in  quality  and  detail  in  the  comments  depends  somewhat  upon  the 
configuration.  The  short-look  comments  contain  essentially  as.  much  informa¬ 
tion  as  the  long-look  comments  for  configurations  with  high  frequency  or  low 
damping,  as  for  example,  pilot  A,  configurations  5  and  14.  However,  pilots 
often  have  difficulty  in  pinning  down  exactly  what  is  bothering  them  in  some  con¬ 
figurations,  and  talk  all  around  the  problem.  The  longer  evaluation  time  of  the 
long  look  helps  the  pilot  to  formulate  his  ideas,  and  the  more  copious  comments 
help  the  analyst  to  detect  what  aspect  of  the  motion  is  important  to  the  pilot.  The 
comments  of  pilot  C  on  configuration  16  are  a  good  example.  In  the  short  look 
he  knew  something  was  not  good,  but  could  not  identify  it,  while  the  long  look 
enabled  him  to  describe  the  trouble  more  explicitly. 

Generally  speaking,  the  lower  frequencies  gave  the  pilots  more  trouble 
in  analyzing  the  motion,  and  it  is  in  these  frequencies  that  the  differences  be¬ 
tween  long-look  and  short-look  comments  show  up  most  clearly,  especially  in 
the  description  of  the  response  of  the  airplane  while  obtaining  and  holding  a 
given  normal  acceleration.  Compare,  for  example,  the  comments  of  pilot  A  on 
configuration  26  or  28.  The  long-look  comments  of  pilot  B  for  configurations 
7,  12,  17,  22,  26,  and  28  all  show  considerably  more  detail  in  describing  the 
character  and  desirability  of  the  response.  The  long-look  comments  on  marginal 
configurations  are  generally  better,  such  as  those  of  pilot  A  for  configurations 
23  and  28. 

The  short-look  comment  data  is  surprisingly  good  in  its  detail  and  con¬ 
sistency,  considering  the  amount  of  time  the  pilot  was  allowed  to  spend  on  each 
configuration.  However,  the  additional  detail  and  the  better  understanding  ex¬ 
hibited  in  the  long -look  comments  makes  them  more  useful  in  an  investigation 
of  an  unknown  or  troublesome  group  of  handling  qualities. 
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SECTION  VIII 
CONCLUSIONS 


An  investigation  has  been  conducted  of  two  methods  for  flight  research 
on  flying  qualities  requirements.  This  investigation,  using  a  variable  stability 
airplane,  was  confined  to  longitudinal  characteristics  only.  One  method  in¬ 
volved  a  small  number  of  pilots  using  essentially  unlimited  evaluation  time  (long 
look)  while  the  other  involved  a  short  fixed  evaluation  period  with  a  large  group 
of  pilots  (short  look).  Pilot  rating  (PR)  data  obtained  by  the  two  methods  have 
been  examined  by  statistical  analysis  techniques,  and  by  comparison  results  in 
terms  of  well  known  flying  qualities  boundaries.  Pilot  comments  have  been  used 
wherever  possible  to  gain  further  understanding  of  the  results.  This  investigation 
leads  to  the  following  conclusions. 

Comparison  of  Short-Look  Versus  Long-Look  Test  Methods 

1.  For  flying  qualities  research,  the  long-look  evaluation  is 
superior.  It  provides  a  truer  evaluation  of  the  effects  of 
various  parameters  on  pilot  ratings  because  the  pilot  has 
time  to  search  for  undesirable  effects,  to  learn  to  cope 
with  peculiarities  in  the  flying  qualities  and  to  exploit  the 
good  features.  The  long  look  improves  the  quality  of  pilot 
comment  data  since  it  allows  sufficient  time  for  the  pilot 
to  formulate  his  ideas  and  express  them  clearly. 

Data  from  the  long-look  evaluation  provides  a  more  accurate 
quantitative  mapping  of  pilot  ratings,  particularly  in  estab¬ 
lishing  a  "minimum  satisfactory"  boundary  (PR  =  3.5).  How¬ 
ever,  short-look  and  long-look  data  both  produced  the  same 
"minimum  acceptable"  boundary  (PR  =  6.  5).  A  "minimum 
acceptable"  rating  appears  to  be  a  relatively  well-defined 
rating  and  the  short  look  allowed  the  pilot  adequate  time  for 
a  sound  rating.  The  "minimum  satisfactory"  rating  appears 
to  be  more  elusive,  and  the  additional  time  of  the  long  look 
produced  a  change  in  pilot  rating  compared  to  the  short  look. 

The  long-look  boundary  is  considered  a  more  truly  repre¬ 
sentative  boundary. 

2.  The  short-look  evaluation,  using  many  pilots,  shows  the  mag¬ 
nitude  of  interpilot  variability.  After  the  interpilot  variability 
has  been  determined,  there  is  little  incentive  to  use  the  short- 
look  evaluation  method,  because  the  long  look  produces  superior 
data. 

3.  The  effect  of  increased  evaluation  time  (long  look)  was  generally 
to  improve  ratings  for  satisfactory  configurations  and  to  lower 
the  ratings  for  basically  poor  ratings. 

Variability  of  Pilot  Ratings 

1.  As  conclu  ed  above,  the  data  did  show  a  difference,  for  certain 
ranges  of  pilot  rating,  between  the  short-  and  long-look  ratings 
of  the  pilots  who  performed  both  evaluations.  The  pilots  who 
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performed  the  long-look  evaluation  were  shown  to  be  repre¬ 
sentative  of  the  group  of  short-look  pilots .  There  is  some 
small  probability  that  the  observed  differences  could  be 
caused  by  chance  sampling  effects.  This  probability  is  con¬ 
sidered  small  enough  to  warrant  the  above  conclusions. 

2.  For  both  methods,  the  range  of  rating  differences  was  large, 
but  the  standard  deviation  due  to  pilots  was  reasonably  low 
(PR  =  0.  7).  This  interpilot  variability  was  somewhat  less 
than  the  intrapilot  variability  which  showed  a  standard  devia¬ 
tion  of  approximately  PR  =  1.0.  However,  due  to  the  relatively 
small  number  of  repeat  configurations  used  in  these  tests,  the 
intrapilot  variability  is  not  as  precisely  defined.  To  put  it 
simply,  the  data  shows  that  pilots  agree  with  one  another  about 
as  closely  as  any  one  pilot  agrees  with  himself  for  repeated 
trials. 

3.  The  range  of  rating  differences  between  pilots  shows  a  need  for 
a  minimum  number  of  pilots  even  for  long-look  evaluations. 

The  results  of  this  investigation  suggest  a  minimum  number  of 
three  pilots  to  be  satisfactory.  If  circumstances  require  use 
of  only  one  pilot,  the  data  may  not  be  representative  although 
the  chances  are  that  it  will  be.  If  at  all  possible,  care  should 
be  taken  to  make  sure  that  he  is  representative  of  a  large  group 
of  pilots. 

Effect  of  Frequency  and  Damping  on  Pilot  Rating 

While  not  a  specific  part  of  this  investigation,  certain  effects  of  frequency 
and  damping  on  the  pilot  ratings  are  observed: 

1.  Pilot  ratings  show  an  optimum  frequency  near  0.  5  cps  for 
longitudinal  short  period  motion.  This  frequency  is  chosen 
as  optimum  regardless  of  damping  ratio. 

2.  Pilots  rate  the  longitudinal  short  period  motion  increasingly 
acceptable  as  the  damping  ratio  is  increased  up  to  a  damping 
ratio  of  approximately  ^  =  .  5.  Above  this  damping  ratio, 
there  is  little  further  improvement  with  increasing  damping 
ratio. 

Evaluation  of  Flying  Qualities  of  a  Specific  Airplane 

While  this  program  examined  only  the  area  of  flying  qualities  research, 
the  results  have  application  to  the  evaluation  of  a  specific  airplane  design  with 
regard  to  the  suitability  of  its  stability  and  control  characteristics.  Evaluation 
by  a  small  number  of  pilots  (perhaps  only  one  or  two)  will  allow  the  pilot  time 
to  fully  evaluate  the  airplane's  characteristics,  to  learn  how  best  to  treat  any 
unusual  characteristics,  '  "d  to  develop  a  clear  understanding  and  explanation 
of  them.  Short  evaluat-  .  by  a  larger  group  of  pilots  can  then  confirm  the 
findings  or  reveal  differences,  based  on  interpilot  variability  or  differing  pilot 
technique,  which  will  »  'uire  further  evaluation.  A  small  group,  using  short- 
look  evaluations,  is  not  recommended,  for  it  provides  neither  the  benefits  of 
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a  searching  look  by  any  pilot  nor  the  statistical  reliability  and  accounting  for 
interpilot  variability. 

Limitations  of  Investigation 

Boundaries  between  acceptable  and  unacceptable  longitudinal  short  per¬ 
iod  handling  qualities,  presented  in  this  report,  apply  for  a  set  of  tasks  which 
involve  precise  maneuvering  of  the  airplane.  They  were  obtained  for  only  one 
value  of  the  numerator  of  the  transfer  function  of  the  airplane.  Investigation 
of  changes  in  the  boundaries  for  different  values  of  the  numerator  (which  is  af¬ 
fected  by  airspeed  and  slope  of  the  lift  curve)  was  beyond  the  scope  of  the 
investigation. 


TB-1444-F-1 


27 


SECTION  IX 
REFERENCES 


1.  Newell,  F.  and  Campbell,  G. :  Flight  Evaluations  of  Variable  Short 
Period  and  Phugoid  Characteristics  in  a  B-26,  WADC  TR  54-594 
(CAL  Report  No.  TB-757-F-11)  December  1954, 

2.  Chalk,  C.R.:  Additional  Flight  Evaluations  of  Various  Longitudinal 
Handling  Qualities  in  a  Variable  Stability  Jet  Fighter.  WADC  TR 
57-719,  Parts  I  and  II  (CAL  Reports  No.  TB- 1 141-F- 1  and  TB- 1 141- 
F-2)  March  and  July  1958. 

3.  Graham,  D.  and  James,  C.:  A  Flight  Investigation  of  Minimum 
Acceptable  Lateral  Dynamic  Stability.  CAL  Report  No,  TB-574-F-3 
April  1950. 

4.  Heilenday,  F.  and  Campbell,  G. :  Artificial  Stability  and  Control  of 
Longitudinal  Motion  of  the  B-26  Aircraft  -  Theoretical  Investigation. 
AFTR  6703  (CAL  Report  No.  TB-757-F-2).  November  1951. 

5.  Kidd,  E.  A.;  Artificial  Stability  Installations  in  B- 26  and  F-94  Aircraft. 
WADC  TR  54-441  (CAL  Report  No.  TB-757-F-9)  October  1954. 

6.  Dixon,  W.  and  Massey,  F. :  Introduction  to  Statistical  Analysis. 
McGraw-Hill  Book  Company,  Inc.,  New  York  1957. 

7.  Bull,  G.  and  Kidd,  E. A.:  Air-to-Air  Tracking  with  Linear  and  Non- 
Linear  Yaw  Damping.  WADC  TR  55-223  (CAL  Report  No.  TB-697- 
F-2)  June  1955. 

8.  Kidd,  E.A.  and  Harper,  R.  P. ,  Jr.;  Fixed- Base  and  Flight  Simula¬ 
tions  of  Longitudinal  and  Lateral-Directional  Flying  Qualities.  (To  be 
published  as  ASD-TDR-61 -362). 


TB-1444-F.1 


28 


9.  McRuer,  D. ;  Ashkenas.  I.;  Guerre,  C. ;  A  Systems  Analysis  View 
of  Longitudinal  Flying  Qualities.  WADD  TR  60-43  January  I960. 

10.  Cooper,  G.  E. :  "Understanding  and  Interpreting  Pilot  Opinion" . 
Aeronautical  Engineering  Review,  March  1957. 

11.  Snedecor,  G.W.:  Statistical  Methods.  The  Iowa  State  College  Press, 
Ames,  Iowa  1956. 


TB-1444-F-1 


29 


TABLE  I 


MANEUVERS 


Trim  in  level  flight  for  at  least  one  minute. 
Note:  1.  Ability  to  trim  at 
desired  airspeed. 

2.  Ability  to  remain 
in  trim. 

3.  Any  oscillatory 
motion. 

Make  abrupt  control  steps  to-t-l.Sg,  2.0g  and 
0. 5  g  absolute  acceleration.  Note  airplane  re¬ 
sponse  time  and  any  oscillatory  motion. 

Make  slow  and  rapid  entries  into  level  turns, 
holding  sight  on  horizon.  Continue  turns  for 
at  least  180*,  noting  relative  ease  and  accuracy 
of  tracking  the  horizon  with  elevator  control. 

Slow  airplane  to  180  mph,  push  over  on  ground 
target  (dive  angle  about  20*)  and  stay  on  target 
until  speed  reaches  240  mph.  Note  relative 
ability  to  get  on  target  quickly  and  accurately, 
and  ability  to  maintain  load  factor  during 
recovery. 


TABLE  II 


SHORT- LOOK  COMMENTS 

1.  Ability  to  trim 

2.  Stick  force 

Initial  part  of  motion 
Steady  part  of  motion 

3.  Airplane  renponse  to  control 

4.  Ability  to  reach  and  maintain 
desired  g. 

5.  Longitudinal  motion  in  entry 
and  recovery  from  turn 

6.  Ability  to  track  in  turn  and  dive 

7.  Response  in  push-over  and  pull-up 

8.  General  feel  of  airplane 


TABLE  III 


LONG- LOOK  COMMENTS 


MANEUVER  A: 

1.  Ability  to  trim 

2.  Stick  force 

3.  Airplane  response  to  control 
(time  and  motion) 

4.  Feel  of  airplane 

MANEUVER  B: 

1.  Stick  force 
Initial 
Final 

2.  Stick  motion 

3.  Airplane  response  to  control 
(time  and  motion) 

Initial 

Final 

4.  Ability  to  reach  and  maintain 
desired  g 

5.  Feel  of  airplane 

MANEUVER  C: 

1.  Stick  forces 
Entry  and  recovery 
Steady  turn 

2.  Stick  motion 

3.  Airplane  longitudinal  response 
to  control 

Entry  and  recovery 
Steady  turn 

4.  Ability  to  track 

5.  Feel  of  airplane 


MANEUVER  D: 

1.  Stick  force 
Push-over 
Tracking 
Pull-out 

2.  Stick  motion 

3.  Airplane  response  to  control 
(time  and  motion) 

Push-over 

Tracking 

Pull-out 

4.  Ability  to  push  over  and  get  on 
target 

Ability  to  track  target 

Ability  to  hold  "g"  during  pull-out 

5.  Feel  of  airplane  and  controls. 
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TABLE  IV 
RATING  SCALE 


Numerical 

Rating 

Category 

Adjective  Description 
Within  Category 

1 

Excellent 

2 

Acceptable  and 

Good. 

3 

Satisfactory 

Fair 

4 

Fair 

5 

Acceptable  but 

Poor 

6 

Unsatisfactory 

Bad 

7 

Bad 

8 

Unacceptable 

Very  Bad 

9 

Dangerous 

1  0 

Unflyable 
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TABLE  VI 


UNLIMITED  EVALUATION  PILOT  RATING  DATA 


Conf. 

Freq. 

Damp. 

Pilots 

Mean  Ratings 

All 

Pilots 

Pilots 

A  and  C 
Only 

IKI 

B 

C 

I 

8 

3 

4 

4.  33 

5 

1 

4 

5 

3.  67 

3.5 

1 

2 

2 

2 

2 

1 

7 

1 

4 

4 

3 

2.5 

1 

6 

.2 

7 

5 

5.  33 

4.5 

1 

.3 

6 

2 

3.67 

2.5 

1 

.5 

4 

2 

3 

2.5 

8 

.5 

1 

2 

2 

1.67 

1.5 

9 

5 

.2 

B 

5 

4 

4.  33 

4 

10 

.2 

B 

5 

5 

4.67 

4.  5 

11 

.3 

B 

3 

2 

3 

3 

12 

1 

4 

2 

2.33 

1.5 

13 

1 

2 

1 

1. 33 

1 

14 

. 

4 

.  1 

6 

8 

8 

7.33 

7 

15 

8.5 

7.  17 

7.75 

16 

3 

3.  33 

3 

17 

3 

4.33 

3.5 

18 

2 

3 

2 

19 

.5 

2 

2.33 

2 

20 

.  5 

1 

2 

2.  33 

1.5 

21 

1 

2 

1.67 

1.  5 

22 

3 

7 

7.33 

6.5 

23 

1 

2.  33 

2.5 

24 

2 

3 

3.0 

2.5 

25 

.5 

2 

5 

4 

3.67 

3 

26 

.8 

3 

2 

4 

2.  5 

27 

. 
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.3 

8 

8 

8.  33 

8 

28 

.5 
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8 

8 

7 

29 

.5 

6 

8 

7 

7 

6.5 

30 

•r 

7 

8 

8 

7.67 

7.5 
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TABLE  VII 

PILOT  RATING  STANDARD  DEVIATIONS 


Configuration 

Short- Look 
Standard  Deviation 
Pilots  A-N 

Long - Look 
Standard  Deviation 
Pilots  A-C 

1 

1.51 

1.53 

2 

1.53 

3 

2.  12 

0 

4 

1.73 

5 

1.54 

1.53 

6 

1.30 

2.09 

7 

1.06 

1.73 

8 

.  58 

9 

1.86 

.58 

10 

.58 

11 

1.0 

12 

1.30 

1.53 

13 

.58 

14 

1.08 

1.  16 

15 

1.50 

1.26 

16 

1.57 

.58 

17 

1.53 

18 

1.73 

19 

1.76 

.58 

20 

1.53 

21 

.58 

22 

.90 

1.53 

23 

1.76 

1.53 

24 

.58 

25 

1.53 

26 

1.92 

2.65 

27 

.58 

28 

1.09 

2.0 

29 

1.0  ‘ 

30 

.58 
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FIGURE  1  CORNELL  AERONAUTICAL  LABORATORY  VARIABLE  STABILITY  B-26 


FIGURE  2  ELEVATOR  SERVO  FREQUENCY  RESPONSE 
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•  Evaluation  Points  -  Short  Look  and  Long  Look, 

16  Configurations 

O  Evaluation  Points  -  Added  for  Long  Look 
O  Repeat  Evaluation  Points  -  Long  Look 

(Numbers  serve  to  identify  points  in  Tables  V  and  VI). 


FIGURE  4  TEST  CONFIGURATIONS 
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STANDARD  DEVIATION,  PILOT-RATINGS 


All  Data 

Above  4.3  Rating 
Below  4.3  Rating 


Correlation  Coefficient,  r 
-.20 

-0.90  (significant  at  .  0 1 
probability) 

0.  73  (  not  significant) 


MEAN  RATING 


FIGURE  7  STANDARD  DEVIATIONS  AMONG  PILOTS  VS.  MEAN  RATING 
LIMITED  EVALUATION  TIME,  PILOTS  A-N 
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246810  2468  10 

SECOND  RATING  SECOND  RATING 


2  4  6  8  10 

SECOND  RATING 


FIGURE  8  LONG- LOOK  REPEATS,  EACH  PILOT 
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-SHORT  LOOK  LONG -SHORT  LOOK  LONG-SHORT  LOOK 


Correlation 

Coefficient 


r  =  ,26 

(not  significant) 


r  =  .  76 
(significant  at 
.01  probability) 


r  =  .  61 

(significant  at 
.  05  probability) 


LONG -LOOK 


FIGURE  9  LONG- LOOK  MINUS  SHORT -LOOK  VS.  LONG- LOOK 
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SHORT- LOOK  MEAN  RATING  SHORT-LOOK  MEAN  RATING 


UONG-LjCX)K  MEAN  RATING 

FIGURE  10  SHORT -LOOK  MEANS  VS.  LONG- LOOK  MEANS 


MEAN  PILOT  RATING  MEAN  PILOT  RATING 
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FIGURE  11  SHORT-LOOK  RATINGS  VS.  r  AND  -  ALL  PILOTS 
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NATURAL  FREOUENCY'w  a>,  CPS 


A 

X 


8> 

0 


2 


t 

X 


.4  .6 

DAMPING  RATIO 


FIGURE  12  SHORT- LOOK  RATINGS  VS,  S  AND  a) 
LESS  PILOTS  B.F.G,  AND  H 
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O  l>OOX  Q 


DAMPING  RATIO-  J* 


FIGURE  13  UDNG-LOOK  RATINGS  VS.  ^  AND  40  -  PILOTS  A,  B,  AND  C 
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TB-1444.F-1 


NATURAL  FRECXJENCY-a>,CPS  NATURAL  FREQUENCY 


FIGURE  15  PILOT  RATING  A§  FUNCTION  OF  T  AND 
WITH  3.5  AND  6.5  BOUNDARIES 
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DAMPING  RATIO  ''if 


FIGURE  15a  COMPARISON  OF  SHORT-LOOK  AND  LONG-LOOK 
BOUNDARIES  (DATA  OF  FIGURE  15) 
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Long -Look  -  Pilots  A,  B,  and  C 

F-94  Unsatisfactory  Boundary 
(Reference  2) 

T-33  Fixed- Base  Minimum  Acceptable 
Boundary  (Reference  8) 

B-26  Poor  Boundary  (Reference  1) 


Note:  Significance  of  the  boundaries  obtained  from  the  different 
tests  is  discussed  on  pages  20  and  21 


FIGURE  17  RATING  BOUNDARY  COMPARISONS 
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FIGURE  18  PILOT  COMMENTS  COMPARED  TO  RATING  BOUNDARIES 


APPENDIX  A 

BRIEFING  FOR  SHORT  LOOK 


1,  Aim  of  Short-Look  Evaluation. 

2,  Schedule; 

a.  16  configurations,  plus  as  many  more  as  convenient. 

b.  Aim  for  about  4  minute  evaluation,  1  minute  of  comment. 

c.  Configurations  occur  in  random  order,  therefore,  a  con¬ 
figuration  is  not  necessarily  a  logical  modification  of  the 
preceding  one.  It  may  be  very  different,  or  it  may  be 
very  similar. 

3.  Maneuvers: 

a.  Standard  maneuvers  developed  on  past  program. 

(1)  Trim  straight  and  level 

(2)  Rapid  and  slow  entry  and  recovery  in  turns 

(3)  Establish  and  maintain  0.  5,  1.5,  2.0  gin 
push-over  and  pull-iq> 

(4)  Acquire  and  track  ground  target  in  shallow  dive 

b.  Other  maneuvers  permissible  if  desired. 

4.  Comments  and  Ratings; 

a.  Comment  sheet  supplied  to  help  formulate  your  ideas. 

b.  For  short  look,  require  only  over-all  rating,  not  rating  on 
each  maneuver.  However,  if  one  maneuver  points  out  the 
major  reason  for  the  over-all  rating,  say  so. 

c.  Ratings  should  be  given  for  the  airplane  as  used  tactically, 
rather  than  just  as  to  whether  it  can  be  flown.  For  example, 
an  airplane  might  be  flyable  but  unusable.  It  would  be  rated 
Unacceptable,  even  though  flyable.  Ratings  on  both  flyability 
and  usability  may  be  given,  and  are  encouraged.  An  airplane 
might  be  rated  5  for  flyability  and  7  as  a  tactical  airplane, 
for  example. 

d.  Do  not  hesitate  to  use  the  full  range  of  the  rating  scale  if  it 
seems  appropriate.  On  the  other  hand,  you  may  get  several 
configurations  in  a  row  which  deserve  the  same  rating.  Don't 
look  for  imaginary  differences  between  configurations;  just 
call  them  as  you  see  them. 
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4.  Comments  and  Ratings  (continued) 

e.  Avoid  comparison  with  the  previous  configuration  in  your 
comments.  Make  each  commentary  self-sufficient.  For 
example,  instead  of  "slower  to  respond  than  the  last  con¬ 
figuration.  but  OK",  say  "moderately  quick  response, 
which  is  OK",  or  whatever. 

5.  Comment  Technique  and  Terminology: 

a.  When  ready  to  comment,  say  "Ready  to  comment".  Crew 
rnan  in  the  back  will  turn  on  wire  recorder  and  say  that  he 
has  turned  it  on.  Then  say  "comments  on  configuration  X", 
and  go  ahead. 

b.  Use  any  convenient  terminology.  Scientific,  engineering, 
pilot  talk,  or  slang  are  all  acceptable.  Use  whatever  style 
helps  you  to  get  the  idea  across. 

c.  Rather  than  attempt  to  define  the  motion  of  the  airplane  in 
mathematical  terms,  say  what  it  did,  how  this  affected  your 
ability  to  use  the  airplane  and  what  you  thought  of  it.  For 
example,  "Airplane  slow  to  start  responding  then  tends  to 
keep  moving.  Requires  action  from  pilot  to  counteract  this. 
Forces  heavy  to  get  started  then  lighten.  OK  to  fly,  stays  on 
target  when  set  but  hard  to  acquire  target  or  track  moving 
target". 
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APPENDIX  B 

ANALYSIS  OF  VARIANCE  -  SHORT-LOOK  DATA 
(All  Short-Look  Configurations  Less  Number  27) 


1. 

Pilots  A  -  N 

Source 

Sum  of 
Squares 

Degrees  of 
Freedom 

Mean 

Square 

F  Ratio 

Pilots 

no 

13 

8.46 

4.49** 

Configurations 

485 

14 

34.6 

18.4** 

Error 

343 

182 

1.88 

=  .662 

=  1-53 

a 

=  1.37 

2. 

Pilots  A  -  N,  Less  Pilots  B, 

G,  and  H 

Sum  of 

Degrees  of 

Mean 

Source 

Squares 

Freedom 

Square 

F  Ratio 

Pilots 

40 

10 

4.0 

Configurations 

405 

14 

28.9 

17.  r* 

Error 

237 

140 

1.69 

=  .392 

(5g  =  1.57 

a 

=  1.30 

3. 

Pilots  A  -  N,  Less  Pilots  B, 

F,  G,  and  H 

Sum  of 

Degrees  of 

Mean 

Source 

Squares 

Freedom 

Square 

F  Ratio 

Pilots 

25 

9 

2.78 

1.42 

Configurations 

353 

14 

25.2 

12.9** 

Error 

246 

126 

1.95 

(  not  significant) 

<Sc  =  1-53 

=  1.40 

4. 

Pilots  (A-C)  Versus  (D-N) 

Sum  of 

Degrees  of 

Mean 

Source 

Squares 

Freedom 

Square 

F  Ratio 

Pilots; 

(A-C)  vs  (D-N) 

2.3 

3 

.77 

.245 

D-N 

107.7 

10 

10.77 

5.71** 

Configurations 

485 

14 

34.6 

18.4** 

Error 

343 

182 

1.88 

Significant  at  5%  probability  level 
**  Significant  at  1%  probability  level 

=  standard  deviation  due  to  pilots 
de  =  standard  deviation  due  to  configurations 
o  =  standard  deviation  due  to  experimental  error 
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APPENDIX  C 

ANALYSIS  OF  VARIANCE  -  LONG- LOOK  DATA 
All  Configurations  (1  -  30) 


Source 

Sum  of 
Squares 

Degrees  of 
Freedom 

Mean 

Square 

F  Ratio 

Pilots 

37 

2 

18.5 

16.3* 

Configurations 

395 

29 

13.6 

12.0** 

Error 

66 

58 

1.  14 

<3^  =  .76 
=  2.04 
<S  =  1.07 


All  Short-Look  Configurations  (Leas  Configuration  No.  27) 


Sum  of 

Degrees  of 

Mean 

Source 

Squares 

Freedom 

Square 

F  Ratio 

Pilots 

17 

2 

8.5 

5.  1* 

Configurations  182 

14 

13.0 

7.81" 

Error 

46.7 

28 

1.67 

=  .675 

<Se  =  1-95 

<3  =  1.29 

*  Significant  at  5%  probability  level 

Significant  at  1%  probability  level 
=  Standard  deviation  due  to  pilots 

=  Standard  deviation  due  to  configurations 

=  Standard  deviation  due  to  experimental  error. 

i  See  page  15. 
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CONFIG¬ 

URATION 

PILOT  A 

1 

6)  >  .8 

K  •  .Z 

UMIa  MBciitt  <•  Mm.  MklMsIa  Mm  mm 

MMUtaM  wUk  M^  •Uiht  fMMHa  M<lll*- 

Mm  It  MirtarM.  Ainn*  tncM  hatk 

l>  «M  M«  IM*!  M  fUM  MMMl  MMtM  im- 
tmu*  •  MMlI  mMHMm  Mick  Mc  ACMf  il. 

3 

6)  «  .8 

r  *  .5 

littto  to  trtflB.  !■— ti  «• 

UA  IrtfMaey  — ciUBli—  m 

tm.  AmMil  v«rir 

Mgh  If^acry  — <Ukttoi>  TMCtdi^lUrlr 
«My  ^1^  iMfttMcr 

iMfHMW  M  tfMK. 

5 

Q  »  .6 

<  *  .2 

BMy  to  trim  oa4  romoino4  io  trim.  Ooeil* 
lotiMi  ««U  ilofwi^il  to  1  eyclo.  DlffteoU  to 
ootobUoB  MOO  mt  Imriooo  Aoriog  oiotry  loto 
toTM.  b«l  OMO  ootohUAod.  loirly  ooty  to 
mololiin  OlfAcalt  to  koU  oo  torgot  ia  tfvo. 
toa4o  to  ororokoot. 

6 

Cl)  «  .6 

C  •  .3 

BMy  trim.  OociUotiOM  doaopo4  io  loot 
ttoa  i  ofclo.  Tooioocy  for  oircrolt  to 

omoAor  okUo  trocUag. 

7 

6)  *  .6 

C  «  .5 

Booy  to  trim.  Moiotoioorl  Irina  within  •or* 
oral  kooto.  OocUlotioo  oooooMoUy  4oo4koot. 
Vory  oooy  to  track  aad  koM  oa  target. 

9 

CO  =  .5 

?  =  .2 

Saiy  to  trim  aad  romaiaod  ia  trim.  X>ariag 
control  oto^t  oociUatod  2  or  )  cycloo  bo« 
loro  coo^lotoly  ihmgoit.  Nooo  umimi  to 
ooclllato  wkUo  tracldag. 

12 

O  *  .5 

C  *  .4 

Fairly  oaoy  to  trim  aa4  o>aiatalao4  trim 
woU.  BoooamaUy  dtaiktat.  Tra^di^vao 
oMy  bal  4oaocto4  Tory  oWw  oociUatioa 
akiok  rogaito4  omaU  attoatloa  from  pilot. 

14 

CO  «  .4 

^  •  .1 

■MOpIMaally  aaov  to  tfkai  aa4  aMUaliiM4 
trim  M  Mainatary  mtHLm.  Control 

atapa  teiaaod  ooty  fMatly  Aampod  ooclUa* 
llok.  Vary,  vary  tkifieoit  to  traok  kacaaoo 
at  paatkampiat. 
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PILOT  B 

PILOT  C  i 

!  ' 

JL 

tkkM  M  Mm  k«l  HMklM  ta  Mm  IMrtr 

•mA.  MknrMr  tttiM  kcM.  acfU  tiipiMi 

akfo  aaatnatary  matiaa.  Taaiaaay  to  atov- 
akaat. 

T 

-  T 
H 
f 
c< 
ti 

4 

TrimamktlitoMr.  MaU  tHm  lair.  Oaiek 
roapMoo.  Poorly  tampol.  ApMraot  iigkt- 
oai^  at  Pg  aai  Ikoroloro  a  loMMoy  to  ator- 
okoat^  Tracldag  poor  kocaooo  at  oaciUatory 
matiaa. 

7 

TTiaM*htlU|r  Mr.  »..fM..  M  ..Mt.l  ti- 
iBMt  MO  Mwk,  Msn  diu  aw  mML  (kMt 
pacicA  kkMM  MkdkMt.  Ah...,  MOfokol 

I  bMiKM.  M MArti ...pw..,  rwloMiM* 
unlr.  um.  Joilnr.  NMM.  >  UM.  krtHc 
kan  uA  Mara.  Ob  Ain.,  yw  .iM.il  pM  • 
PIO  U  yw  Icy  M  BMlw  .HaMia.  ..tt.WiMM 

9 

T 

tt 

f 

li 

ti 

5 

Triouoakility  Mr.  Takoo  loi^or  to  trim, 
wider  trim  hand.  OaciUatory  b»  tioa  aaoily 
proeipitatod  by  trimming.  Qaick  roapeaao 
from  cooCrola.  Toadoacy  to  ororcoatrol. 

Toadtacy  to  bokklo  ia  tracking,  apparoat 
ligktoalag  et  Pg. 

7 

No  treukio  to  tHm.  Toadi  to  r amnio  la  trim. 
Pg  loo  kigk  for  figktor.  Aircraft  ttttto  toador 
ia  foot  kooauao  of  toadoacy  to  ororekaot.  Ko* 
opoaao  gaito  Uvoly  aad  figpeor  typo.  Tea 
would  prekakly  ovorakoot  tryiog  to  kold  cor- 
loin  g.  No  problem  trackiag  koHaoa.  Track 
ia  dire  aot  too  antiolactory  koenuoo  ot  kigk  Pa 

T 

a 

•1 

I' 
b 
U 
L 
'  b 

4 

Triaunakilitv  good.  Hold  trim  good,  kapid 
roapoMO  and  not  muck  caaocieoa  damping 
oa  »a  part  at  tko  pilot  rogairod  far  ttacldag. 
Traokteg  go^ 

j 

4 

TrimBaakiUty  aatiafnotory.  Pool  ratkor  good 
no  far  ao  getting  rnopoaoo  I  want.  Tracldag 
in  aifallnat  priamrily  knanunn  of  niroraft  ro* 
■paaai.  Ton  cna  pat  it  Jaot  whara  yaa  waat  it 

-A 

T 

r 

c 

li 

k 

( 

Trimtaakility  good.  Hold  trim  good.  Had 
imprkaaioa  at  UghtoaiBg  of  leagitadijnal 
coatfol  or  aft  c.g.  Tracklag  aatlofactory . 

1 

4 

Trimmahility  pretty  good.  Pg  aico  and  llgpt. 
Airemll  roopoMo  good.  Pool  good  No  m- 
OcooNo  otiek  mottea.  Heldiag  g  aad  track¬ 
ing  good.  Aircroft  gulto  roopoaoiro.  Caa 
make  an  exact  maMuror  with  It  vary  onolly. 

1 

I 

r 

1 

5 

'  O' 

9 

THm 

oocil 

kigk. 

kigk 

Bobk 

track 

caabUity  fair.  Hold  trim  poor.  Slow 
klery  osotioa  oT  or  i  kaeta.  Pg  oaama 
Toadoacy  to  erorceatrol  bocauoo  ct 
'g.  Trackiag  OK  oaco  oa  target. 

Od  goMag  oa  aad  roccooHag  from 

iM- 

7 

TrlmmnbiUty  ndnguntn.  Pg  kgnwy  •  fonlo 
like  a  truck.  Knaponao  all  rigkt.  but  radMir 
aeon.  Heldiag  g  aad  trackiag  oatiolaetery 
but  Pa/s  toe  U^. 

9 

1 

ti 

tt 

V 

S 

11 

b 

t 

1 

BObiUty  good.  Heldiag  trim  good, 
iag  oatlalkctery  bat  toadoacy  for  ooao 

4 

TrlmmabUity  Mrly  good.  Aircroft  roopoaoo 
▼ory  odogualo.  Pg  kgavy.  Tutm  aad  track¬ 
iag  vory  good.  Tracldag  ia  dive  OX  OMCpt 
for  kiffk  Pg  rg^rod  ao  apood  iaeroaooa.  Pg 
toe  kl^  lor  flipttor.  OK  for  traaoport. 

1 

1 

t[ 

1 

o 

c 

e 

C 

Trio 

dami 

•alt. 

dam| 

oapi 

tiam 

BB 

Trimiaod  OK.  Pa  oatialactary.  AiretafI 
fool  aat  good  baaauao  of  taadaraoaa  daa  to 
oaoUy  oncitaMo  ohart  porttNI.  IMdliig  g 
aad  tracldag  affoetod  paorfty  damfod  okaH 
paHod  oocillatioaoB 

9 

1 

k 

T 

0| 

a 

P 

a 

APPENDIX  D  PIIX>T  € 

SHCmT'LOOK  €01 

do 

PILOT  C 


PILOT  D 


PILOT  E 


PILOT  F 


Trim  not  too  well  defined.  Aircraft  hat  odd 
feeling  due  to  rather  quick  response  and  high 
feel  forces.  Little  over-responsive.  Short 
period  easy  to  excite.  Short  period  oscil¬ 
lation  not  too  noticeable  in  turn,  more  pro¬ 
nounced  in  tracking,  during  dive,  and 
pull-out. 

6 

Trimmability  hampered  because  aircraft  bobs 
like  cork.  Damping  good  but  period  too  short. 

Fs  satisfactory.  Control  response  good  ex¬ 
cept  for  bobbing,  Holding  g,  rapid  turn  en¬ 
try  and  tracking  all  affected  by  bobbing. 

T 

Trimmability  hampered  because  of  over- 
eensitivlty  of  aircraft.  Very  fast  response 
to  small  inputs.  Fg  initially  too  light,  but 
satisfactory  once  in  maneuver.  Response 
initially  over-sensitive.  Holding  g,  track¬ 
ing,  pull-ups  difficult  due  to  over-soniitivity. 
Flyable;  but  unacceptable  for  service. 

7 

Fairly  easy  to  trim  and  stayed  on  fairly  well. 

Fairly  quick  response.  Difficult  to  mainuin 
desired  g  without  slight  overshoot  or  hunting. 

Entry  and  recovery  to  turns  affected  by  high 
frequency  oscillation.  Tracking  on  targot' 
was  affected.  Fg  moderately  heavy,  unsat¬ 
isfactory  for  fighter, 

3 

Trimmability  fair.  Response  to  control  al¬ 
most  too  much,  more  than  you  need.  Short 
period  almost  deadbeat.  Almost  overshot 
g  because  of  quick  response.  Feels  quite 
lively,  little  jerky.  Notice  a  little  bobble 
here  and  there.  On  dives,  you  almost  get  a 

PIO  if  you  try  to  make  continuous  corrections. 

s 

Trimmability  good.  Fg  heavy  but  good  for 
this  type.  Control  response  good.  Molding 
g  easy  in  a  slow  entry.  Fast  entry  causes  a 
slight  bobble.  If  motion  is  slow,  damping 
is  deadbeat.  Ability  to  acquire  and  track 
target  is  function  of  entry  rate. 

4 

Trimmability  very  poor.  Appears  to  have 
almost  neutral  static  stability.  No  Fs/V. 

Fs  satisfactory.  Response  to  control  ade¬ 
quate  and  satisfactory.  Holding  g  and  track¬ 
ing  satisfactory.  General  feel  of  aircraft 
good  but  impaired  by  poor  trimmability. 

3 

Difficult  to  trim.  No  oscillation  in  short 
period.  Aircraft  was  very  stiff.  All  ma¬ 
neuvers  OK.  Response  to  control  average. 

Fg  fairly  good.  Disliked  the  stiff  longi¬ 
tudinal  feel  and  not  being  able  to  precisely 
trim  tiie  aircraft. 

5 

No  trouble  to  trim.  Tends  to  remain  in  trim. 

Fs  too  high  for  fighter.  Aircraft  little  tender 
in  feel  because  of  tendency  to  overshoot.  Re¬ 
sponse  quile  lively  and  fighter  type.  You 
would  probably  overshoot  trying  to  hold  cer¬ 
tain  g.  No  problem  tracking  horlaon.  Track 
in  dive  not  too  satisfactory  because  of  high  Fg. 

6 

Trimmability  good.  Fg  good  for  this  type  of 
aircraft,  too  heavy  for  fighter.  Control  re¬ 
sponse  good.  Damping  not  quite  as  much  as 

I'd  like,  but  it's  liveable,  not  dangerous  or 
bothersome.  Hold  desired  g  good.  Very 
little  tendency  to  oscillate  while  tracking. 

Little  more  than  I  would  consider- ideal, 
but  suitable. 

4 

Slight  stick  moUon  to  center  trim  in  middle 
of  friction  band%auses  undesirable  oscilla¬ 
tions.  Fg  initially  light  but  builds  up  to  ac¬ 
ceptable  level.  Apparent  response  of  air¬ 
craft  is  fast  initially,  then  becomes  much 
slower.  Apparent  Fg  lightening  because  of 
increased  initial  response.  All  tracking 
impaired  by  poor  damping.  General  feel  - 
very  light  and  touchy. 

6 

Trimmed  and  maintained  airspeed  all  right. 

Lightly  damped  oscillation  but  aircraft  was 
fairly  stiff,  Fs  moderate,  satisfactory  for 
heavier  aircraft.  Response  to  control  fairly 
fast.  Satisfactory  to  reach  and  hold  desired 
g.  Difficult  to  maintain  precise  altitude  in 
level  turn.  Tracking  fair. 

4 

Trimmability  satisfactory.  Feel  rather  good 
as  far  as  getting  response  1  want.  Tracking 
is  excellent  primarily  because  of  aircraft  re¬ 
sponse.  You  can  put  it  just  where  you  want  it. 

2 

Trimmability  good.  Fg  quite  light.  Control 
response  good.  Holding  g  good.  Slight  os¬ 
cillation  fcioth  in  t  'imming  rapidly  and  track¬ 
ing  target.  Personally  like  ^e  response, 
but  prefer  little  less  iMbbing. 

2 

Trimmability  good.  Fs  satisfactory.  Re¬ 
sponse  to  control  seems  little  over-sensitive. 
Difficult  to  change  attitude  of  aircraft  minute¬ 
ly.  Difficult  in  tracking.  Aircraft  just  a 
little  bit  over-sensitive. 

4 

Easy  to  trim  and  stayed  on  trim.  Fg  OK 
for  transport,  heavy  for  fighter.  Response 
satisfactory.  Motion  slightly  oscillatory 
when  tracking.  Holding  g,  tracking  ability, 
average. 

3 

Trimmability  pretty  good.  Fg  nice  and  light. 
Aircraft  response  good.  Feel  good  No  no¬ 
ticeable  stick  motion.  Holding  g  and  track¬ 
ing  good.  Aircraft  quite  responsive.  Can 
make  an  exact  maneuver  with  it  very  easily. 

1 

Trims  fairly  well.  Control  response  good. 

Fg  fairly  high  for  fighter,  OK  for  bomber. 
Essentially  deadbeat  damping.  Period  is 
quite  short  but  aircraft  is  readily  bandied. 

Aircraft  feels  a  bit  stiff,  but  not 
objectionable. 

3 

Aircraft  response  rather  rapid,  and  there  is 
seeming  reduction  in  Fg.  You  have  tendency 
to  overshoot  g  you  want.  Track  in  turn  and 
dive  good.  Push-over  and  pull-up  response 
good  initially  but  tend  to  overshoot.  General 
feel  of  aircraft  good. 

4 

Little  difficult  to  trim  and  maintain.  Fg  OK 
for  transport,  too  high  for  fighter.  Response 
to  control  good.  Maintain  desired  g  good. 

All  maneuvers  good. 

3.5 

Trimmability  adequate.  Fs  heavy  -  feels 
like  a  truck.  Response  all  right,  but  rather 
soon.  Holding  g  and  tracking  satisfactory 
but  Fs/g  too  high. 

s 

Easy  to  fly  straight  and  level  or  in  steady 
turn  unless  disturbed,  then  an  apparent 
undamped  oscillation  is  caused.  Actually 
very  weak  damping  not  apparent  to  pilot. 

Weakly  damped  oscillation  causes  very 
light  Fg.  Very  difficult  to  hold  certain  g 
because  of  oscillation. 

8 

Trimmability  satisfactory.  Comments  on 
all  maneuvers  satisfactory.  General  feel  of 
aircraft  fairly  good.  Damping  is  some¬ 
what  light,  but  definitely  acceptable. 

2 

Trimmability  OK.  Fg  too  high.  Response 
to  control  fairly  rapid.  Oscillatory  short 
period  made  it  slightly  difficult  to  acquire 
and  track  target.  Fairly  easy  to  maintain 
level  turn  and  desired  g.  Pilot  had  to  damp 
out  small  oscillations  in  turns. 

s 

Trimmability  fairly  good.  Aircraft  response- 
very  adequate.  Fg  heavy.  Turns  and  track¬ 
ing  very  good.  Tracking  in  dive  OK  except 
for  high  Fg  required  as  speed  increases.  Fg 
too  high  for  fighter,  OK  for  transport. 

2 

Trimmability  satisfactory.  Fg  OK  for  this 
type,  too  heavy  for  fighter.  Control  response 
good.  Hold  g  good.  Longitudinal  motion  not 
objectionable  in  trimming  and  turning.  Air¬ 
craft  stability  very  weak,  mushy.  It 

comes  back  but  takes  long  time.  Tracking 

OK. 

2 

Trimmability  satisfactory.  Fg  OK.  Re¬ 
sponse  good.  Slight  tendency  for  oscillation 
when  holding  g.  Tracking  very  good.  Feel 
of  aircraft  very  good. 

1 

Fair  to  trim,  stayed  on  fairly  well.  Fg  mod¬ 
erate  to  heavy.  Response  satisfactory.  Mo¬ 
tion  oscillatory,  fairly  easy  to  maintain  de¬ 
sired  g.  Level  turns  OK.  Acquire  and  track 
target  OK,  although  slight  oscillation  had  to 
be  damped  out  by  pilot. 

4 

Trimmed  OK.  Fg  satisfactory.  Aircraft 
feel  not  good  because  of  tenderness  due  to 
easily  excitable  short  period.  Holding  g 
and  tracking  affected  by  poorly  damped  short 
period  oscillations. 

s 

Trimmability  hampered  by  poor  short  per¬ 
iod  damping.  Fg  OK.  Response  to  control 
very  poor  because  of  poor  damping.  Re¬ 
sponse  is  generally  more  than  you  want 
and  then  bounces  back.  Holding,  g  OK  if 
you  approach  it  very  slowly.  Anything  done 
rapidly  produces  lightly  damped  oscil^tion. 

7 

Trimmability  OK.  Fg  satisfactory.  Neu¬ 
trally  damped.  Period  short  enough  so  it 
is  on  borderline  for  PIO.  Holding  g  mar¬ 
ginal.  Tracking  unsatisfactory  once  short 
period  is  excited.  General  feel  of  air¬ 
craft  unacceptr.ble. 

8 

Difficult  to  trim  because  of  high  frequency 
neutrally  damped  short  period,  although  air¬ 
craft  could  be  trimmed.  Fg  exceptionally 
high,  response  to  control  OK  except  the  mo¬ 
tion  was  too  high  a  frequency  and  undamped. 

Had  to  be  damped  out  by  pilot,  which  could 
be  done  but  was  ditficult.  All  maneuvers 
difficult  because  of  undamped  oscillation. 

8 
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CONFIG¬ 

URATION 

PILOT  G 

PILOT  H 

PILOT  I  \ 

i 

6J>  =  .8 

K  =  .2 

1  rii»nii.» IJiiilv  u<  cvptablu  and  natiafacJory.  Fb 
liltU  in.ivy  tut  a.ttlHlactoi-y.  Ilebpiuiue  lilllw 
blow  till  and  satiafaclory.  Reach 

ai'il  in.iiuUiiri  tiraired  ^  rath'^r  |ioor  dac  t«> 
f rriji.t' 111  y  of  aliiirt  period  o»t  illatioi».  Futry 
and  fMovt  ly  to  tiirnu  luiat i  rjilalde,  Trai  k 
in  (Ill'll  and  dive  |iour  doe  to  i/iti.  I  lla’ioi).  (ivn- 
et'.tl  ti'ui  -  iinai  1  rptablr  . 

6 

Fs  If ati*fa<  lory  for  fighter,  lte*{>on*iV(  neaa 
ratetl  h  due  to  slight  overshoot  in  aiUsinpting 
t<«  track  different  target.  Tactical  rating  6. 
utility  rating  7  betau*e  uf  light  K«/g. 

e 

f 

1  riinioiibility  not  l»ad.  Kairb.  rapi.i  esp  u.-i.-, 
high  (itiffnn#*.  Damping  not  l.u.  Very 

seiisiCive  to  stick  motion.  Frequency  is  hi^li 
enough  so  that  damping  ou*  usi  illatoji.  by  l.ai.  i 
beeuMie*  difficult  to  impossibie,  Ueai  b  and 
maitilain  g  not  too  bad.  Turn  entiy  an<l  rti^.v 
erv  l••r^^y.  fracking  om«  in  t  irn  .>r  dive  m-i 
good  bill  lai*  be  (bine.  Airirufl  felt  l.tltei  uiiSi 
g’o  on.  General  feel  -  ov cr  • 'ensuiv  c  . 

6 

3 

cA  =  .8 

r  =  .5 

■|  ruTiinabilitv  at*  cptahle.  Fa  acrej'tat>le. 

Rubpojiae  to  rontrola  good,  Reath  aii<l  hohl 
g  l{Oo<l.  Fntey  and  rei'ovory  to  turn*  »atifl> 
factary.  'I  racking  hi  turn  and  dive  acrop- 
lahU*  ami  Baf.Hlaciory .  Fuuh-over  and  puil- 
up  good.  General  feel  very  good 

2 

Very  aliif  in  pit<  h,  too  inr  fighter 

Kale  It  7  for  tac  tical  in  acquiring  new  r.<r- 
get  or  origtiialing  (Maneuver  tii  ptt«  h.  Kate 

It  -1  utility,  little  too  reHponnive  m  ultvalor 
toil  hecauae  of  Htiffne**  and  ease  of  trim  ac¬ 
ceptable  but  iii.;:cti*factary.  Trimniahility 
pretty  g«>u<l. 

7 

1  r  1 11  villa b.  I y  eia ti sfai  to ry  aim  1 1,. • 1 1. 
trill.  ks/gamJ  Fg/V  satisia  iviry  Abn.p', 
itiiitr  >1  steps  give  oscillatory  inution.  Steady 
state  iitotionOK  but  making  ‘•-••i.ja"* 

laUttcH  oac!  1  lattoni  Reach  ami  h».bl  ..j* 

isfaitury  except  when  triaking  snuill  vtvanges 

Same  .  ^»,.rtient  lor  olhe*’  tnaneuvers. 

5 

5 

CO  =  .6 

C  =  .2 

I  r'i.iinAhi'  ly  /.  F^  ».at ihfac ‘ory . 

a  >nt  lu-avy.  Reuponee  to  rontrol  i>a(ia- 
factoi  y.  Keacli  and  hold  g  acteptahlo  !ml 
uneatiafactory.  l^atilwuver  and  pull  •  u)>  ac - 
ceptable.  fi»«r.«ral  fenl  acceptahlc  but 
slighlly  unsatiafactory. 

4 

lactMul  rating  7  t^ciauee  of  high  Fg  .t:(|uir.'d 
(••  inaneiivcfi  <iiid  overithoot  in  acquiring  or 
(banging  tacgci.  Aa  Utility,  rating  4.  Fg/g 
t)K  lor  utility,  but  oecillatory  rno’ion  <luc  to 
input  uiuivairf.blc  fur  long  haul.  Too  rapid 
rcbponKc  (or  transport  causii.g  passenger 
disc  oinforl. 

7 

i  1  iin.na  bll.ty  hs  tl  S 1  .it  to  ry  .  little  si-o.  [..Itl 
iloesiiT  appear  to  wander  tit.  n  tri<i>.  F,  Cdv. . 

Ki'spoiise  (airly  rapid  . . tail-  m 

id.tial  and  final  pari*  of  motion.  Maneuvers 
not  good  because  very  light  J.ur  pi.ig  c  luaes 
oscillation.  Frequency  little  too  fast  tv>  >Uni|> 
c.iil  with  at.ik.  Not  comfiiria  tor  laitival 

.11  rpi.iiie 

6 

6 

^  CO  =  .6 

C  =  .3 

Trinuiiabi lity  natiafactory.  but  not  particu¬ 
larly  good.  Fs  high  during  initial  part  of 
motion,  Scitiafactory  during  ateady 

Reefoiitte  to  control  mIow,  uneatinfactory. 
rta.>''i>  and  hold  desire<l  g  utiat  ceptahlc  due 
t(i  hl>'h  h'b  'init  flliyht  o* - 1 Ua tioii.  Track  in 
turn  iiul  dives  mceptable,  puali-ovor*  "iiid 
pull-upH  nnaccei'.tahle  hccauMU  uf  Ka. 

Gi'iicral  feel  nruict  efitj bie. 

r 

Difficult  to  trim.  Hobbing  effect  of  the  nose. 

Fs  too  high  for  fighter.  Control  responsive¬ 
ness  good.  For  utili'y  airplane,  nose  bob¬ 
bing  olqei  ti*.nal>le.  F*  about  .lc<  rplable  and 
response  <<tn  be  lived  with. 

s 

i  ri iiiriiabiiity  satssfac lory .  fairly  iiigh  it,-, 
queiivy  rapid  response  to  comrol.  F^  GK, 

Reach  ar.d  hold  g  qu<  te  easy  ami  sat isi toi  y  . 
fracking  in  turns  a  dives  quite  simple. 

Would  Itf*^  Ultle  better  damping  witli  (I. is 

Irequei.cy.  Push-over  vimiputl-up  (im  lari 
set  up  ami  hold  g . 

..  ._  _ _ 1 

7 

CO  =  .6 

C  =  .5 

T  ridtrnn  Id  Illy  >u  >•  >‘fai  tory .  Kg  little  high  but 
ar.cepta Ml’ ,  Kenjuinae  a<'ri:ptahle.  Reach  and 
hiiid  g  .«<  1  K-tvy  .t?”*  '•♦•r  ••very  turn* 

AC'CL'plahie .  {  r.i<  king  in  turnn  and  dive*  at  - 

cepU  blr  toil  hligiidy  objet  lionable  because  i/f 
l‘  g.  (mm. era]  feel  .i<  t  eptuble  uml  »u tiafaclury . 

(mod  traLking  and  toniroi  response  for 
l  yhier.  but  Fs/g  too  high  for  fighter.  Go  »d 
oamping  and  about  uptiniurn  Fs/g  for  utility, 
heupo’ieiveiiess  ptobably  too  high  for  utility. 

3 

1  rkmmability  *.» li “fa*  tors  J'.iinpiiig  »ai.»- 
fu-.lory.  Fairly  high  freqaems.  F^.^g  q  .re 
high.  Response  qiut**  rapid.  Kc.tvh  iiml  .Md.l 
g  aaliafai'tory,  Little  hard  ►-»  g.  t  .•  i ‘u !i .  c.l 

1  racking  in  turn  and  dive  lit.iv  utfi  t  vdt  b.,i 
satistactory.  Gt'neral  feel  -  i‘>i.  t  l.i  c  t  bui 
ih-n't  knuw  why,  Acc-tpuble  *t.t  hiii. 

4 

9 

CO  =  .5 

K  --  .2 

T  riiniii..  lull!  y  r  .ittr>l.u  I’lr, .  IV  itF'.'  iiuavy 
but  »;iii  xl.i  .'tor  y.  Uirsiu-n*t;  H»tr»>fav  lory,  ••K« 
rept  final  rehptnif.e  rtf**  Iteil  in  t*ver»hot>l  ol 
ubCiUaiory  naturu.  Kea.h  an-.!  hold  y  fair 
hut  III. .11  CeiJl.ible.  'I  rack  m  •live  affep*a'»b* 
but  uiiee  ti la  1  tory .  1  'ueh  -"V e r  and  pull-up 

at  veptabi*.-  l>ut  unsati  maetory  .  (aeneraf  feel 
unai't  (•{’tai.'le  bet  antte  of  t>BtiHatt>ry  Million. 

7 

Daiop-  ig  ••>  poor  and  affects  trim  ability. 

Had  on  long  flights.  Fg/g  is  on  light  side 
for  utility.  An  tactical,  responsiveness  amt 

Fs/g  &.>t...f;.cto*y,  but  poor  Jajuping  gives 
tviidem  y  to  ovei  shout  on  target  acquisition. 

3 

1  I'lmuiablUty  salisiaciory,  F.iiri>  •v-si  '- 
table  frequ.-fiCy  un4  quite  pot:  i  I'tmp.ug,  »>; 
leitdeiicy  'o  ivercontivi  or  for«  e  n.  Ke-sp*  'm*c 
to  voiitrol  satisfiiTOry.  You  i.»u  cmi  up  and 
hold  a  steady  g  once  you  IcArn  to  Ic  •• 
out  and  not  fight  it.  Use  this  same  tcCtim’,  ir 

111  other  maneuvers,  (inoati -l.iv  l<>rv  tor 
lat.lical. 

12 

CO  =  .5 

?  =  .4 

1  r iiiMii.t  tn Illy  -.t '  t'l'l able  .imf  •atiat.tt  tory .  l-'g 
litili-  liigli,  .u»e|.Mblt’  hut  iinBa»i«f.Mt*>»’v .  • 

•  poll  If  .1 1 1  t’l'lablf  and  Ba(i»ta<  lor  y .  .i  lihougli 
bhtjri  pvritnl  oac  illation  ri>*lli  eable  but  not  real 
ubjei  iionable.  Kt-.ti  h  dial  holtl  g,  entry  .tnii 
rerowry  turns  atieplable  .mil  sati«tlatt*-i'y. 

1  rat'Kitig  in  turn  ami  dive  a*  t  eptahlv  but  uii- 
»a  tiiilai  (ory  lie.  .itiac  of  i**!' illation,  f 'ii*  n-uve  r 
and  |mtl'ii|>  *a  ti  r  f.ii' tury ,  (.jenerat  feel  uttep - 
table  liiit  ujiaatltil.it  lory  .  ^ 

1  .M  lual  lilting  b  due  l»>  high  F*  required  |.. 
iM(t(ivuv  -i  and  sUiwnesB  with  u>hi«  h  osiiUu 
(iiinn.  •t.iiMp  mil.  Ulibty  ruling  -1  oi.iiiiiy  hi 
vause  of  rapid  responso  to  elevalor. 

5 

1  iii.c  to  1  riiii .  Fs/V  qiiiif  bk.tM  .iH’i  '  ""ii 

able,  k's  tlK.  Damping  is  tv''  lo"  .  ■ 

ty«  U  tvi  damp  out.  Maneuver,  van  in 

aUhL.ugh  not  go  .ul  btvausL’  ft  onv  u!.iv,-’i. 

hTequenCy  is  stich  lhal  you  l  in  l  ovci  j 

1  oi.t  rt»l  II .  A  vceptal  V  but  vuilv  t.n  r  a  .  t  •  r  •* ! ' 

4 

14 

i  CO  =  .4 

Li_i  .i 

!  i  ii.iii.a  Ui  ill  y  na  1 1  itl.tt  l*>ry  .  I'aid'..  l<eii|i*Mt»e 
<  >K  «•>..'!.(  (.i|  ..Miltiiory  n■••1)on.  Ittiai  h  and 
bol.l  g  ••,  r  y  1*. ...i  I'tM  am  >1  ••!  •*»>  1  Malioii.  I'nl » v 
ami  1  '’V  1  r  V  t  o  '»o.  t  e  i  v  p«.o ,  .  1  r.tt  king  in 

t'Kli  aii<l  ibve  <.  e  1  V  pixir.  I’.tab-ovtr  .>f>*l  [•iill- 
up  r<-  .  ..  1 r.  <  -.«  .’pi  .  a  <•  1  1  e.i  1  ty  •  tint  rt.  1  it 

due  I  - 1  1  ’9>  1 1  la  1  . .  t  >t  iier..  l  leel  vt-  r  /  poor  . 

0 

’'i>a>  '  ii’i.bb’  ami  d.iiigero.ts  lor  ellht-i 
«  .li'goiV  bei  ,-•«••«  L*t  poorly  dnn-pcvl  pilil" 
mg.  (bi.ii  •  •  pl.kble  as  Irsnspoii  bv*  „  . 

.tide.  IM  gel  il  1m*(  k  liuiov, 

_ _  _ _ _  .«.i 

•  '  •  1,1  Y  ri|,i1  V,,  .41  ioljv  1  \  \  ’ 

n..'a  -Bi  re.l  all).,.  .1  t! . i  i.  i  .•  «>  *■ 

1  --v  •!.*  i-piu  ;  u.<l  cri  m,:h  (••  « M  in  '•  •  •*  ■  ' 

ai  t  V  call  voiu  s c It  t <■  urn  .'ui  r  v  a r^'i  '  v 

1  L.sli-v-V(M'  ami  pull,  ip  t  t..pv.llr*v  uuva'.ala 

1  .*ry  lu'v  lust  y '-a  t  ati’l  lit  g  u,  ;.>-•*  ‘d  ■  t  .i  i 

l.lMip  It  .'-ut  tt.iSU  Jvi'l 

6 

siiOR'i'-LOUiv 
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PILOT  I 


t  ilii/  not  bii'i.  Eairly  rapid  rcipunoe, 
•ff.cMJ.  naiT.ping  iii>t  too  good.  Very 
<;  iij  stick  rtiotioii.  Frequency  ia  high 
y(i  that  daniping  out  oaciDatlon  bv  hand 
^  difftcuU  ti'  inipf'Bsible.  Reach  and 
•  I  g  not  too  bud.  lurn  entry  and  recov- 
.  y.  1  racking  out  i,  m  turn  or  tllvc  not 
i  (  an  l>c  donr.  Ai  <  raft  fell  better  wjth 
flt-neral  fed  •  ov  r  -  H«nsitlv« . 


PILOT  J 


Trimmabiiity  eatiafactory.  Givea  imprea- 
aion  of  very  tight  atick  forces  for  initial  de^ 
flectio'i,  very  rapid  reaponaa  for  light  forces 
and  then  foreva  become  heavier  as  g'a  are 
applied,  Holding  g  aatlafactoi  y  for  1.2  and 
^  S'  atnall  ;•  daflectlon.  not  eaey  to  atay 

on  g  schedule.  Trai  itlng  ir>  turns  aattifac* 
tory:  in  dives,  fair  due  lu  light  required 
for  a  nail  deflectlona  of  aircraft. 


PILOT  K 


Very  aikiicuU  w  trim.  Aircraft  fait  pretty 
good  when  rnaldng  alow  smooth  gentle  ma> 
neuvera.  Oot  oscillatton  when  using  rapid 
control  movement.  Pilot  could  taka  care  of 
oacUlatlon.  though. 


PILOT  L 


F.»;ce»elve  springy  damping.  Initial  aircraft 
reaponce  t<iO  great  for  relatively  amaU  Fa 
applied,  particularly  noticeable  inpueh«over. 
pulUtqp  and  initiation  of  any  manauvar.  Gen¬ 
eral  fael  <  very  stiff  statically  but  too  apringv 
dynamically. 


auilafactory  and  remains  in 
auc’  Fn/V  »  itisiactory.  Abrupt 
lu|>»  .-sriliatory  motion.  Steady 

turn  Civ  uxv  n.:  king  small  chanyea 
at  illations  .  Reach  and  hold  g  aat- 
(■xcept  making  small  changes, 

iiiiicnt  for  'ilhcr  maneuvers. 


Trimmabilitv  poor.  Trim  speed  seems 
wide.  light.  Aircraft  aflems  rather 
jumpy  as  an  immediate  response  to  light 
control  forces.  Tendency  to  overcontroi 
while  tracking  tn  turns.,  same  in  di.aa.  Air¬ 
speed  does  not  seem  to  cauSw  much  chan.je  in 
Fe  in  dive.  Aircraft  too  jumfv.  too  rapid 
in  response. 


Trims  well.  When  applying  control,  aircraft 
seams  to  hesitate  before  starting  to  move, 
then  movee  rapidly.  Tracking  ground  target 
extremely  difficult.  Tends  to  oscillate  about 
point.  Continually  trying  to  correct. 


1  .'immability  excellent.  All  aspects  «av.el- 
lent.  Excellent  static  longitudinal  Fe  sta. 
bility  and  Tood  damping  that'*  deadbeat  but 
not  impose.-l  in  such  a  tost  rate  that  it  is 
objectionable. 


iiiillty  natihfactciry.  Little  slow  but  it 
..  |.H*r  *o  w^nH*.r  from  trim.  Fa  OK. 
fairly  rapid  and  comfortable  in 
>iui  final  parts  of  motion.  Maneuvers 
I  Imrause  very  light  damping  causes 
t  wo.  Frequency  little  too  tost  to  clamp 
•  ntic  k.  Not  '  omfortahle  for  tactical 


Fe  snem  light  at  first  and  increase  aa  g  ie 
applied.  Quick  reaponea.  Fairly  easy  to 
hold  t{  schedule.  Tracking  in  turns  satisfac¬ 
tory.  Cot  email  oscillations  of  nose  above 
and  below  target  when  tracking  in  dive. 
Rather.hard  to  control.  Harder  to  track  in 
diva  than  to  hold  g.  General  feeling  good 
except  for  tracking  in  dive. 


Aircraft  appeared  sensitive.  Tend  to  over* 
shoot  target,  but  you  can  bring  it  back  on 
target.  Oscillation  tends  to  cause  you  to 
overshoot  and  undershoot. 


General  opinion  of  aircraft  excellent.  Only 
adverse  cotninenC  *  short  period  requires 
1.2S  to  2.2S  cycles  to  damp  depending  on  Fg 
Input.  No  adverse  comments  on  various  ma- 
neuvora.  1  like  this  type  trf  damping  person¬ 
ally  and  rather  have  it  than  deadbeat.  Ex. 
cellent  rating. 


■ility  '  Kidfactory.  Fairly  high  fre. 

’  .pi'l  rrtponMn  to  cootrul.  Fg  OK. 

-'.tl  hold  g  quite  ussy  and  satisfactory. 

ill  lui'oe  a  dives  quite  simpls. 
ikr  tittle  beilsi-  'Uinplng  with  this 
u  y.  PviMh.over  and  puH-up  fine,  can 
uind  hold  g, 


Fe  seem  little  higher  than  I  like  them.  Not 
much  else  wrong  with  cunflftt  ration.  Track 
OK.  Holding  g  aatistot-tory.  Aiicrafi  does 
seem  little  sluggish  and  I  feel  this  may  be 
due  to  higher  Fs  than  1  hke.  Tracking  in 
dive  good. 


Easy  to  trim.  Easy  to  handle.  Had  slight 
oscillation  when  getting  on  target,  appears 
more  or  less  pit'll  induced. 


..iliility  satisfactory.  Damping  satis- 
Fdirly  high  frequency.  Fg/g  quite 
Mnspoiiae  quite'  rapid.  Reach  and  bold 
luctory,  Little  hard  to  get  stabilixed. 
>>g  in  turn  anr|  dive  little  difficult  but 
'  tory.  General  feel  -  don't  like  it  but 
now  why.  Acceptable  but  fair. 


ihty  Hcitisfactory.  Fairly  respec- 
iicriCy  uiid  quite  poor  damping.  No 
t«.  uve.-f'ontrol  or  force  it.  Response 
satisi/iotory .  You  can  end  up  and 
uily  g  :>nre  you  learn  tu  let  it  dump 
n  figli!  it.  Use  this  same  technique 
■  doeuv'.  rs.  Uiisatislactory  lor 


..ImUiv'  1  I  rgiiidl.  Takes  considerable 
■  (Mill.  I  a/V  quite  light  and  comfort- 
;  .  tJK.  Dumping  is  too  low,  1.2S 
(.1  il.M'Ti  k'aneuvers  can  be  done, 

'1  lu.f  |•<•od  ticciiuse  of  oficiiiaiion. 

'  y  IS  such  tli.it  you  can't  over- 

■1  it.  Acceptable  but  only  fair  aircraft. 


Trim  easy  to  hold.  Highly  damped.  Initial  P* 
is  lighter  than  final  Fe  during  traikslent.  This 
give*  springy,  spongy  aircraft  response  to 
toluai  light  Fe-  F#  aud  aircraft  rosponae  eai- 
istoctory.  Reach  and  hold  g  axcatlanl-  Turn 
entry  and  rocovary  vary  good.  Tracking  ia 
diva,  pueb-ovor  and  pull-up  good.  Gonaral 
feel  very  good  wito  poeslbiUty  of  sponglnrsi 
or  sprlngincvt  due  to  apparent  overdamping. 


2.5 


Easy  to  trim.  Seems  to  have  neutral  etatlc 
stability,  i.e,,  holds  several  different  si  r- 
speeds.  Damps  out  fast.  Very  raptd  re¬ 
sponse.  Msintain  g  g'^od.  Slight  tendoncy  t«'< 
overshoot  on  first  attempt.  Turn  entry  and 
recovery,  trac  king  good,  F«  seem  light. 
Acts  like  a  fighter,  like  it  very  well. 


Elaay  to  trim.  Aircraft  goes  to  where  you 
put  it.  but  seems  Just  a  little  sensitive. 

Fs  little  higher  than  1  like. 


Excellent  characteristics.  Lighter  Fe. 
aspects  sxceUent. 


Trimmabiiity  satiatactory.  Short  period 
seems  little  shorter  than  I  like,  heaponde 
quickly  and  well,  g  schedule  I'airly  easy 
when  constant  forces  are  applied.  Tracking 
in  turn  good  whe.i  positive  force  applied, 
little  nuae  oscillation  when  force  is  released. 
Tracking  in  diva  satisfactory. 


Easy  to  trim.  Nice  F^.  Handled  real  nice, 
tei:  gvvu.  Could  get  on  target  quicly  and 
hold  target  very  well. 


Rather  ciifticult  to  trim  and  hold.  Aircraft 
responds  fairly  well.  Fg  seem  iltlW  high. 
While  huldtng  g  greater  than  1,  Fs  seem  to 
vary  while  holding  constant  g.  Tracking  in 
lu«ti»  satisfactory.  .  Easier  to  track  in  turnb 
than  hold  g  rob-xt.ii*. 


Trimmabiiity  acceptable  but  not  good  Air¬ 
craft  gives  impression  of  heving  neutral  ti- 
negative  eteiic  stability  wlto  poor  damping 
superimposed.  Damping  it  eluggieh  and  ex- 
ceseiva  number  of  cycles  stuh  that  response 
is  unnatural  to  F*  InitiaUy  appUed.  Track¬ 
ing.  push-over  and  pull-up  ail  OK.  Cxcos- 
stve  aircraft  raspoiuia  to  Fs  initially. 


Airi.Taft  handles  very  nicely,  responds  wsU. 
iught  Fa-  Can't  pin  it  down  hut  1  can't  hold 
It  On  target  quite  as  well  at  I'd  like  to. 


All  aspects  excellent. 


ii'ibty  and  Fb  sstisfacti'i  y  •  Ct  niiot 
•  iitd  u  altho.iKl.  II. >i  dill'icult  to  reach. 

not  enough  to  stabiline  on  g. 
lay  IS  »ilow  eiiuugit  that  you  ran  damp 
i  yoiinoU  in  turn  entry  and  recovery, 
v-r  an-t  pLUl-i\j,  response  unsstisfac- 
t  ..iise  you  vai.'t  lly  g  schedule.  Cannot 
■"'.t  ff  'IT.  jc-cl. 


Trlmiiiabiliiy  p«>ur.  Hard  tu  trim  out  prs- 
cisely.  Fs  accepubls.  All  mane.'Vttrs 
difficult  due  toosolUtion.  Appears  lint 
under  some  conditions  aircraft  might  be- 
conte  dangerous  and  diverge  if  too  rc-pid 
and  too  strong  Fs  applied. 


Vrtty  dtlficuU  tu  Irim.  Never  eeeins  to  be 
quite  in  trim  due  to  oscillation.  Ft  exeat* 
five  end  make  maneuvering  extremely  dif¬ 
ficult.  Could  not  hold  a  certain  g  due  to 
oscillations.  Frsqaency  was  slow  enough 
pilot  could  react  to  them,  but  kept  him 
busy.  Could  not  settle  on  g  or  target  in 
tra<.kiiig. 


Poorly  damped  dscllUtiun  maket  forces  too 
light  (uk  Airirafi  response.  Aircraft  re¬ 
sponse  initially  too  (aet.  yelatively  ntild  Fs 
inputs.  Could  roach  and  hold  g,  also  track 
in  turn  and  dive  but  both  l-ecame  more  dif¬ 
ficult  farther  away  from  trim.  Mild  to  ruod- 
orata  dainpittf  requl red  from  pilot.  Gen«<ai 
feel  -  would  be  greatly  improved  with  im¬ 
proved  damping. 


SHORT -LOOK  COMMENTS  'CONTINUED) 


CONFIG¬ 

URATION 

PILOT  M 

PILOT  N 

PILOT  0 

1 

Cl)  =  .8 

TrlmmAblUty  good.  Fa  aotioloctery.  Air- 
fract  roapoaao  UttU  too  toucby  •  aomotkiBg 

Uko  CoR(l|uratioR  S  but  ported  ooomo  Uttlo 
laager  and  damping  dooea‘t  eoem  aa  good. 

Entry  and  roROVory  from  turna  OK.  Kind  of 
a  sup  input  lAon  1  get  to  1.4  g.  Alrcralt 
ve»y  sanalUve.  Poor  darnping  aaatna  to  make 
it  appear  aaelar  to  control.  Fretitteney  ap> 
peara  little  bit  high.  2 

Difficult  to  trim.  Fa  good.  Short  period 
fairly  rapid  oscillation  going  on  all  the  time. 

Tbia  was  trua  in  all  manauvara.  Just  a  Uttla 
bobble  no  matter  what  1  did  to  try  to  correct 
it.  This  bobble  makes  configuration  very 
poor. 

T 

Trimmability  fair.  OS  knot.  High  frequency 
and  low  dampiag  mokaa  airplane  "touchy, 
goosey",  la  traekingi  you  run  Into  bobbUng 
and  bouncing  around  of  tbo  nooo  whan  attompt- 
ing  to  ehanga  nose  position. 

6 

3 

6)  =  .8 

r  =  .5 

TrimmahiUty  good.  Raaponae  good.  Koacb 
and  bold  g  good.  Aircraft  la  excellent  but 
raaponae  ia  too  good  for  aircraft  like  tkia. 

1.5 

Fairly  easy  to  trim.  Fa  Just  little  baaviar 
than  1  like.  Holding  g,  entry  and  racevary 
from  turns  pretty  easy.  Tracking  in  turna 
and  divas  raibar  noor  bocauaa  of  small  long- 
itudinal  motions  for  vary  amall  stick  motion, 
and  1  couldn't  actually  put  nose  right  on  tar¬ 
get.  General  tael  •  go^  except  for  tbla 
rather  quick  rosponaa  for  vary  amall  sticb 
motion.  ^ 

5 

CJ  =  .6 

<  =  .2 

Trimmability  marginally  aatlafacMry,  Static 
atablUty  relatively  neutral.  Fa  OK.  Air¬ 
craft  raaponae  very  good  except  frequency  la 
too  bigb.  Keacb  and  bold  g  and  entry  and  re¬ 
covery  from  turna  OK.  Tracking  in  turna 
and  divea  -  frequency  little  bit  too  bl^  for 
good  fine  control. 

s 

Fairly  easy  to  trim.  Quick  raspenia  for 
initial  Ugbi  Fg.  Ft  wo  high  onca  in  steady 
turn  or  g.  Initial  raaponae  sate  up  little 
oacillalien  but  damps  out  real  quickly  and 
not  toe  objactienabla  with  n  little  practice. 
Maneuvers  era  lair  aa  long  as  you  don't  mako 
abrupt  motiona.  General  faal  good  to  fair. 

».8 

6 

c*)  =  .6 

C  =  .3 

Trimmability  aatlafaetory.  Took  little 
longer.  Static  aubiUty  eeaentially  neutral. 

Fa  appears  little  bigber  than  desirable.  Re- 
aponae  pretty  sluggiab.  probably  maaked  by- 
idea  of  too  high  Fa/g.  Maneuvers  fair. 
Push-over  and  pull-up  -  doesn't  damp  quite 
as  good  aa  it  should. 

♦ 

Quits  easy  to  trim.  F|  OK.  Reach  and  bold 

I  OK.  (Seams  to  be  lag  In  stick  position. 

Hava  to  keep  moving  stick  aft  to  maintain 
aams  force.  Little  difficulty  in  tracking 
ground  urgat  baenuaa  of  oBclllation.  Mov¬ 
ing  from  target  to  target  was  smooth  but 
got  bobble  when  stopped  on  target. 

3 

7 

Cl)  »  .6 

?  *  .5 

Appears  pretty  nice.  TrimmaMllty  OK. 

All  maneuvera  OK. 

2 

All  aipacta  eonsidorad  good  to  oxcoUant. 

Would  prefer  lost  aUibUy  Ughtar  Fa.  Oon- 
aral  foal  excallant.  tbs  way  a  flying  macblna 
should  fly. 

I.S 

TrlmmaMUty  (air.  lama  commonU  aa 
Configuratioa  4.  Traebing  In  turns  good. 

Traeblng  In  diva  pretty  go^  except  for 
very  small  eacillation  ai  and  when  making 
neae  eorrecUan. 

3 

9 

c<)  =  .5 

?  =  .2 

Trimmability  aatlatectory.  Damping  should 
^  bigber.  Abrupt  control  inputs  up  to  2  g 
and  down  to  .4  indicate  slightly  higher  fre¬ 
quency  than  ie  desirable.  Frequency  la  too 

Mgh  in  dives  to  do  anything  about  tracking 
aucceaafully. 

4 

Slightly  difficult  to  trim.  Holds  pretty  wall. 
Initial  raaponae  axcesaivo  for  vary  light  Fa 
and  in  steady  turn  Fa  1*  tee  bigb.  Short  per¬ 
iod  oactUation  easily  aacitod  and  undaairabla. 
Roach  and  bold  g  satisfactory.  Track  in 
turna  and  divas  fair  as  long  as  you  don't  ex¬ 

cite  abort  period;  no  quick  mevemoata;  4 
to  5  cycles  w  damp.  Seemed  bettor  to  Just 

let  It  damp  out  by  itealf.  Conaral  laaUng 
poor  to  fair  -  quick  responao.  4 

TrimmahiUty  2.  Took  while  to  gat  it 
trlmmod.  but  tbon  pretty  wall  locked  on. 

Tracking  and  changing  noao  position  good. 

Didn't  have  much  aueeeaa  In  damping  abort 
period  wltheui  running  Into  a  lot  of  vary 
small  OBcillatlono  after  major  damping 
had  been  cleared  out. 

4 

12 

Cc)  =  .5 

?  =  .4 

Trimmability  good.  F«  aatlafaetory.  Air- 
craft  raaponae  good.  All  maneuvers  good. 

No  undamped  or  residual  oscillation. 

z 

Very  easy  to  trim.  Fg  Uttla  heavy  at  ftret 
but  under  bigber  g'a  ita'  good.  Reach  and 
bold  1  excellent.  Track  In  turn  and  dive 
fair.  Puab-over  and  pull-up  good.  Tended 
to  ovarcontrol  in  tracking  because  )(  liked 
relatively  Ugbter  breakout  fercta.  Gen¬ 
eral  feel  excellent. 

r.s 

TrimmabiUty  fair.  Residual  drift  in  trim  of 
about  S  knota.  Tracking  in  turna.  divas  good. 

No  troublo  holding  g,  able  to  get  nose  around 
and  bold  It  where  wanted.  Demplng  was  most 
pronounced  in  first  half  ol  oscillation,  was 
confuaad  by  damping  in  last  quarter  of  cycle. 

4 

14 

O  -  A 

?  =  .1 

Aircraft  baa  fairly  undamped  oscillatory 
mode.  Static  stability  aatlcfactory.  Abil¬ 
ity  to  reach  and  bold  deeired  g  ia  there, 
but  dtat'a  alt  1  can  any  for  it.  Track  in 
turn  and  dive  OK  ae  long  as  there's  a  con¬ 
trol  force  applied.  Any  reduetten  in  Fa 
results  in  relatively  undamped  oaclllatiMi. 

7 

Difficult  to  trim.  Fg  Uttle  heavy  tbrougb- 
eut  initial  part  of  motiDn  and  aftar  once 
in  turn  or  eatabUabed  on  g.  AbiUty  to  do 
maneuvera  ia  fair  once  astabllsked  but 
abrupt  control  axcUaa  eacillatlen.  Can- 
oral  feel  very  poor.  Can  fly  aircraft 
safely  but  difficult  to  do  any  mission  re¬ 
quiring  manewvaring.  Raactloa  la  1  Just 
wouldn’t  want  to  fly  it. 
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CONFIG¬ 

URATION 


PILOT  A 


15 

Cl)  *  .4 


CMy  tp  trim  im4  hoU  trim.  0«ctUatlo«  ppp> 
ittrtly  but  tlewly.  F&lriy  tft 

trftck  but  •£»w  Mciltottoa  (lo«c  ppiio^ 
•opprimpMpd  oa  top  of  trockl^  omrolopo. 

Not  at  aotieeoblo  la  dtoo. 


^  *  .2 


16 


6)  s  .4 


ExeoptloaoUy  oaoy  to  trim  aad  b«14  trim 
vory  woll.  Duriag  itopo.  laitial  rotura 
was  fairly  rapid.  Trackod  vary  woU  Uvol 
aad  protty  fo^  ia  diva.  Aircraft  aaamad 
to  waadar  a  UtUa  ia  diva  aad  raqulrad 
•oma  baavy  Fa  • 


r 


CO 


19 


.3 


.4 


Triromad  aad  bald  trim  wall.  Almost  daad- 
baat.  Aircraft  tracked  vary  wall  ia  laval 
turaa  but  stick  forces  bad  to  be  iecraasad  a 
fair  amouat  ia  diva.. 


22 


CO  - 


.5 


3 


Not  too  assy  to  trim.  Oaca  trimmed,  bald 
wall.  Oa  coatrol  steps .  aircraft  made 
one  laitial  ovarcorractlon  and  Aaa  slowly 
damped.  Slow  oacillatien  prasaat  ia  all 
traekiap. 


c  * 


23 


CO  s 


2 


.3 


Little  bit  difficult  to  trim.  Baian  to  drift 
off  after  abort  tiraa.  Vary  waU  damped. 
Took  soma  effort  to  keep  nose  on  horison 
around  ISO*  turn.  Tracking  in  diva  good. 


C  =  .4 


PILOT  B 


TrimmabUity  good.  Hold  trim  good.  Ooeil> 
latory  motion,  objoctioaabla.  You  have  to 
wotk  at  gattlBg  it  out  youroalf .  Tracking, 
tondsney  to  ovarcontrol. 


4 


Trimroability  good.  Small  tandaacy  for 
aircraft  to  go  off  trim.  Tracking  good. 


TrimnmbiUty  good.  Hold  trim  good* 
Trackiag  go^. 


£ 


Almost  neutrally  stable  trim  band  alO  •  IS 
kaots.  Apparent  increase  in  Fg,  Raspoasa 
time  slow.  Quite  a  bit  of  oacillatory  motion 
oaca  aircraft  moves  and  slow  to  damp  out. 
Tracking  poor  bacauaa  of  this. 


Trimmability  good.  Hold  trim  good. 
Tracking  •  once  aircraft  gats  moving  there 
is  a  tsndoncy  to  overshoot.  lacraasa  in  Fs 
duriag  tracking,  more  difficult  to  track. 
Oscillatory  motion  difficult  to  damp. 


PILOT  C 


Trims  op  nlcaly*  Li^  F..  Airemit  rO' 
sponoo  good.  Short  period  is  quits  short 
aad  lightly  damped.  Wt  doss  damp  out. 
This  ^sn't  bodMr  you  la  tracking. 


9 


TrimmabiUty  aatisfactory.  F«  OK  for 
transport.  Aircraft  response  goc^. 
Holding  g  aad  tracking  satislactory  al- 
diougb  Ft  hi^sr  titan  dasirabla  in  diva. 
I  can't  really  find  anytifing  I  dislike  but 
I'm  not  perfectly  bap^. 


4 


s 


Trimmability  not  absolutely  perfect  but  as 
good  as  could  be  asked  for.  Fg  Just  about 
as  I'd  like  to  see  in  an  average  airplane. 
Aircraft  response  and  feel  very  good.  Do* 
Ugbtful  to  fly.  Tracking  good.  No  notice¬ 
able  stick  motion.  Overall  as  nice  as  l*va 
aver  flown. 


3 


I 


No  trouble  in  trimmiag.  Aircraft  raspoasa 
to  coatrol  weak.  Tima  lag  ia  raspoasa  ob- 
jactionabla.  Short  period  very  weakly 
damped.  Not  comfortable  at  large  g  input. 
Difficult  to  damp  manually  because  pilot 
finds  it  difficult  keeping  up. 

Holding  g  and  tracking  not  good  because 
of  oacUlatory  short  period. 


TS 


Trimmability  adequate.  Fg  moderately 
Ugbt.  Aircraft  response  somewhat  sluMfol^* 
Tracking  OK  except  again  response  is  on 
sluggish  side. 


3 


s. 


26 

CO  *  .3 


Easy  to  trim.  Remained  in  trim  fairly  well. 
Airplane  did  not  oscillate,  just  assumed 
aew  attitude  when  stick  was  released. 
Tracked  well. 


K  *  .8 


27 

(0  =  2 


Unable  to  do  •  system  troubles. 


_Cj_ 

28 

CO  « 


3 


2 


More  difficult  to  trim  foaa  usual.  When 
disturbed  it  assumed  now  speed  with  no 
tendency  to  return  to  origiaal  trim. 
Tracked  well  unless  disturbed,  then 
would  assume  now  trim. 


K  =  .5 


Trimmability  -  wide  trim  bead.  Hold  trim 
good.  Fg  seemingly  heavy.  Slow  respoase, 
heavily  damped.  Trackiag  poor  because  of 
slow  kespoase;  teadeacy  to  overcoatrol. 
Difficult  to  get  aircraft  to  more.  Once  on 
target  easy  to  bold  there. 


2 


Trimmability  poor.  Coatiaually  buatiag, 
little  ability  to  remain  in  trim.  Coaetaat 
oscillatory  motion.  Response  lag  to  control 
ii^ut,  consequently  tendency  to  overshoot. 


Very  little  feel  as  far  as  trim.  Aircraft 
reepdnse  time  to  coatrol  somewhat  delayed, 
reeulpig  ia  tendency  to  overcontrol.  Tend  * 
ency  W  overcontrol  in  tracking. 

I 


7 


Seemingly  difficult  to  trim  up  but  not  really. 
Fairly  neutral  static  force  stability.  Nice 
for  maneuvering  aircraft.  Short  period 
well  damped.  Trackiag  easy.  Respoase 
decent.  Fg  decently  light.  Rated  Z  rather 
than  1  because  would  prefer  lighter  stick 
force. 


8 


Not  too  hard  to  trim.  Hard  to  define.  High 
Fg.  Aircraft  response  lew  for  udtat  you 
want.  Divergent  short  period  excites  pilot 
and.he  tends  to  overcontrol.  Pilot  almost 
out  of  phase  with  it.  Not  quite  a  PIO  but 
approaching  it.  Period  is  long  enough  so 
you  do  have  control  over  it. 


7 


Ability  to  trim  not  bad  but  no  teadeacy  to 
comv  Itack  once  displaced.  Abrupt  roll  steps 
result  la  PIO.  Similar  to  FtU  at  hiA  q  but 
not  uncontrollable.  Disconcerting.  Slow  re¬ 
sponse  becomes  ol^ectloaaUe  durtag  entry 
into  turns.  Doesn't  go  where  you  want  it 
with  stick  you  put  in.  Pultiag  la  more  aad 
overshootiag  little  each  time. 


T 
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PILOT  C 


PILOT  D 


PILOT  E 


PILOT  F 


Trimi  up  mcely.  Light  F-.  Aircrift  re- 
•ponie  good.  Short  perioa  it  quite  ihort 
end  lightly  damped,  but  does  damp  out. 
Thie  doeen't  bother  you  in  tracking. 


Trimmability  hampered  by  inadequate  abort 
period  damping.  F*  OK  for  thie  type.  Re- 
aponae  to  control  good.  Holding  g  alao 
hampered  by  poor  damping.  Longitudinal 
motion  ia  atable  but  requirea  more  damping 
for  good  handling  characteriatice.  Ability 
to  acquire  and  track  target  marginal. 


Trimmability  poor.  Same  commenta  aa  Con¬ 
figuration  S.  Once  trimmed  it  holda.  In- 
create  ia  F|  in  oacillatory  motion.  Ff  initially 
eatiafactory  however.  Aircraft  reaponae 
initially  eatiafactory.  Tracking  unaatiafactory 
becauae  of  poor  damping.  General  feel  good 
but  aloppineaa  due  to  inability  to  put  noae 
where  you  want  it. 


Fairly  eaay  to  trim  and  hold  trim  OK.  F« 
high.  Reaponae  to  control  fairly  faat,  but 
oacillation  occurred  when  changing  target 
in  tracking  and  maintaining  g.  Frequency 
waa  in  range  ^ere  pilot  coiUd  damp  it  out 
fairly  faat.  Once  on  target,  tracking  waa 
fairly  ateady. 


Trimmability  satiafactory.  Fg  OK  for 
tranaport.  Aircraft  reaponae  good. 
Holding  g  and  tracking  eatiafactory  al¬ 
though  Fg  higher  than  deairable  in  dive. 
I  can't  really  find  anything  I  dialike  but 
I'm  not  perfectly  happy. 


Poor  damping.  Tracking  in  turn  OK. 
Tracking  in  dive  and  holding  g  difficult 
becauae  of  oacillationa.  Reaponae  when 
making  quick  entry  into  maneuvera  waa 
more  than  1  wanted,,  and  produced  oecil- 
.  lationa.  Slow  entry  gave  more  or  leaa 
deaired  reaponae. 


Trimmability  eatiafactory.  Fg  initially  OK. 
a  little  high  during  ateady  turna.  All  maneu¬ 
vera  eatiafactory.  No  tendency  to  overahoot. 
Excellent  aircraft. 


Fairly  eaay  to  trim.  Fg  OK.  Reaponae  quick 
but  underdamped  and  therefore  oacillation  on 
abort  period.  Difficult  to  maintain  level  turna. 
Tracking  difficult. 


Trimmability  not  abaolutely  perfect  but  aa 
good  aa  could  be  aaked  for,  Fg  juat  about 
aa  I'd  like  to  aee  in  an  average  airplane. 
Aircraft  reaponae  and  feel  very  good.  De¬ 
lightful  to  fly.  Tracking  good,  No  notice¬ 
able  atick  motion.  Overall  aa  nice  aa  I've 
ever  flown. 


Trimming  fairly  eaay.  Fg  high  but  accep¬ 
table  for  thia  type,  too  high  for  fighter. 
Control  reaponae  good  both  in  time  and  mo¬ 
tion,  Holding  g  good.  Short  period  well 
damped.  At  firet,  appeare  aircraft  ia 
atatically  unatable  but  turna  out  phugoid  per¬ 
iod  ia  60-70  aeconda  which  ia  annoying  in 
straight  and  level.  Tracking  good. 


Trimmability  good.  Fg  aeeme  to  decrease 
aa  g  built  up.  Aircraft  reaponae  to  control 
initially  good.  Slight  oacillation  in  turna 
makes  tracking  difficult.  Oacillationa  while 
holding  g.  Oacillationa  moat  pronounced  in 
turns.  General  feel  of  aircraft  good. 


Slightly  difficult  to  trim.  Average  in  re¬ 
maining  in  trim.  No  oscillatory  motion  in 
trimming.  Slight  overshoot  when  putting  in 
control  steps.  Fg  slightly  high,  too  high  for 
fighter.  Reaponae  to  control  satiafactory, 
Eaay  to  reach  and  maintain  g  and  level  turne. 
Tracking  satisfactory.  Slight  overshoot  in 
acquiring  targat  could  be  easily  damped. 


No  trouble  in  trimming.  Aircraft  response 
to  control  weak.  Time  lag  in  response  ob¬ 
jectionable.  Short  period  very  weakly 
damped.  Not  comfortable  at  large  g  input. 
Difficult  to  damp  manually  becauae  pilot 
finds  it  difficult  keeping  up. 

Holding  g  and  tracking  not  good  because 
of  oscillatory  short  period. 


Aircraft  ia  very  sensitive  and  damping  ia 
too  low.  Fa  are  so  light  that  aircraft 
could  be  overstreaaed  by  pilot.  Tracking 
in  dive  and  trying  to  hold  g  induce  oscil¬ 
lations.  Can  handle  it  but  don't  like  it. 
Could  lead  to  structural  failure  in  combat. 


Trimmability  satisfactory.  Fg  satisfactory. 
Aircraft  reaponae  eatiafactory.  Neutrally 
damped  ehort  period  can  be  damped  manually. 
Holding  g  and  tracking  hampered  by  oscilla¬ 
tions.  Difficult  to  make  small  corractiont. 
Aircraft  ia  flyable  but  unaccaptabla  for  cer¬ 
tain  service  use. 


Aircraft  was  triminable  but  difficult  due  to 
oscillations.  Fg  moderately  heavy,  aatia- 
factory  for  fighter.  Response  to  control  was 
fast,  motion  oscillatory  and  lightly  damped 
which  could  cause  g  overshoot.  Ability  to 
reach  and  maintain  g  almost  impoeaible. 
Entry  and  recovery  turns,  holding  g  very 
erratte.  Difficult  to  track  target. 


Trimmability  adequate.  Fg  moderately 
light.  Aircraft  response  somewhat  sluggish. 
Tracking  OK  except  again  response  is  on 
sluggish  side. 


Trimmability  good.  Fg  OK  for  this  type. 

Too  heavy  for  fighter.  Cortrol  response 
good.  Holding  g  good.  Tracking  good. 
Consider  aircraft  very  easy  to  use  in  combat. 


Trimmability  difficult, bordering  on  neutral 
static  stability.  Fg  satisfactory.  Holding  g 
satiefactory.  Push-over  and  pull-up  response 
satisfactory.  Tracking  hampered  by  light 
damping.  Easy  to  damp  out,  however.  In 
general,  aircraft  was  fair. 


Slightly  difficult  to  trim.  Once  trimmed, 
stayed  OK.  Fg  moderately  heavy  -  OK  for 
transport.  Quick  response  to  control.  Mo¬ 
tion  lightly  damped.  Slight  difficulty  in 
tracking  target  and  reaching  and  bolding  g. 
Fairly  easy  to  mainuin  level  turns. 


Seemingly  difficult  to  trim  up  but  not  really. 
Fairly  neutral  static  force  stability.  Nice 
for  maneuvering  aircraft.  Short  period 
well  damped.  Tracking  easy.  Response 
decent.  Fg  decently  light.  Rated  2  rather 
than  1  because  would  prefer  lighter  stick 
force. 


Not  difficult  to  trim  but  annoying.  Fg  lighter 
than  should  be  for  this  type.  Control  re¬ 
sponse  good.  Holding  g  marginal.  Always 
got  more  than  I  want.  Some  stability  but 
practically  all  masked  by  control  force 
friction.  Aircraft  doesn't  return  to  equi¬ 
librium  when  displaced.  Tracking  OK. 


Trimmability  poor.  Very  poor  feel  around 
trim.  Fg  satiefactory.  Response  of  aircraft 
good.  Just  about  deadbeat.  Holding  g, 
tracking  satisfactory.  General  feel  of  air¬ 
craft  good.  Only  drawback  is  inability  to 
trim. 


Difficult  to  trim.  Fg  good.  Response  to 
controls  was  fair,  possibly  good.  Main¬ 
taining  desired  g  unsatisfactory  since  F, 
seemed  to  vary.  You  had  to  hunt  to  try  to 
hold  desired  g.  No  oscillation.  Fairly  easy 
to  hold  level  turn,,  difficult  to  hold  constant 
g's  in  turn.  Easy  to  acquire  and  track  target. 


Not  too  hard  to  trim.  Hard  to  define.  High 
Fg.  Aircraft  response  low  for  what  you 
want.  Divergent  short  period  excites  pilot 
and  he  tends  to  overcontrgl.  Pilot  almost 
out  of  phase  with  it,  Not  quite  a  PIO  but 
approaching  it.  Period  is  long  enough  so 
you  do  have  control  over  it. 


Trimmability  unsatisfactory.  Fg  too  light 
for  this  aircraft.  Control  response  immediate 
and  too  sensitive.  Holding  g  unsatisfactory. 
Unusually  long  short  period.  Acquire  and 
track  target  almost  nonexistent.  Overall 
very  bad,  possibly  dangerous. 


Trimmability  impaired  by  oscillations  caused 
by  small  control  inputs.  Fg  initially  OK. 
Aircraft  response  initially  too  slow,  there¬ 
fore  you  want  to  put  in  a  forcing  input  to  in¬ 
crease  movement.  Light  damping,  relatively 
long  period  leads  to  tendency  for  overcon¬ 
trolling  and  PIO.  General  feel  of  aircraft 
bordering  on  dangerous. 


Aircraft  could  be  trimmed  once  feel  had  been 
obtained,  stayed  in  trim  fairly  well.  Low  fre¬ 
quency  oscillation,  easy  to  get  out  of  phase 
with.  Fg  moderate  and  response  to  control 
fairly  &st.  Light  damped,  low  frequency  os¬ 
cillation  easy  to  overshoot  and  get  a  PIO. 
Difficult  to  make  level  turn,  acquire  and 
track  target.  PIO  tendency  when  trying  to 
change  targets  too  quick. 


Ability  to  trim  not  bad  but  no  tendency  to 
come  back  once  displaced.  Abrupt  roll  steps 
result  in  PIO.  Similar  to  F8U  at  high  q  but 
not  uncontrollable.  Disconcerting.  Slow  re¬ 
sponse  becomes  objectionable  during  entry 
into  turns.  Doesn't  go  where  you  want  it 
with  stick  you  put  in.  Putting  in  more  and 
overshooting  little  each  time,. 


Not  very  difficult  to  maintain  trim,  but  any 
disturbance  sets  up  oscillations.  Apparent 
negative  damping.  PIO  tendency  because 
of  this.  Response  always  more  than  I  want. 
Could  be  dangeroue  structurally. 


Trimmability  impaired  by  apparent  neutral 
static  stability.  Fg  initially  light  and  remains 
so,  therefore  tendency  to  overshoot  and  re- 
qoliee  lieas'y  input  in  opposite  direction.  De- 
eire  to  try  to  force  aircraft  to  go  faster  than 
initially  going  then  forcing  function  takes 
over  and  you  get  too  great  a  responea. 
Tracking  unacceptable  due  to  PIO. 


Difficult  to  trim  because  of  very  low  fre¬ 
quency  oscillation.  Held  fairly  well  when 
trimmed,  Fg  moderate  to  OK  for  transport, 
heavy  for  fighter.  Response  elow,  motion 
tended  to  overcontrol.  Could  actually  damp 
it  out.  Tune,  tracking  difficult. 
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CONFIG¬ 

URATION 

PILOT  G 

PILOT  H 

15 

Cl)  a  .4 

=  .2 

Eaay  to  trim  and  atayed  fairly  well  in  trim. 

Fa  acceptable.  Reaponae  to  control  overly 
aenaitive,  both  initially  and  finally.  Reach 
and  hold  g  •  marginal.  Short  period  oaeil- 
lation  made  all  manauvera  unaatiafaetory 
to  unacceptable.  Did  not  like  general  feel 
of  airplane  becauae  1  couldn't  control  it  due 
to  oaeillatory  motiona. 

a 

Taetieal  rating  f  due  w  high  Fa  during  turning 
maaeuvera  ia  tracking.  Reaponae  a^afaetory. 
Oaeillatory  motion  reaultiag  from  |Utch 
ehangea  unaatiafaetory  for  utiUty  aidlftoe. 

• 

16 

CJ>  a  .4 

r  =  .3 

Trimmability  acceptable  and  aatiafactory. 

Fa  aatiafactory..  Reaponae  aatiafactory  ex- 
c^t  for  abort  period  oaciUntioa.  Reach 
and  hold  g  acceptable  but  unaatiafaetory. 

Entry  and  recovery  turne  acceptable  but 
unaatiafaetory.  Track  in  turn  and  divea 
unacceptable.  Puah-over  and  puU-up  un¬ 
acceptable.  General  feel  unacceptable. 

7 

TrimmabiUty  relatively  difficult.  Fa  aatie- 
factory  for  taetieal.  Tendency  to  overahoot 
becauae  of  relatively  poor  damping.  Difficult 
not  to  overahoot  acquiring  new  target.  Fa 

Uttle  too  Ught  aa  utiUty. 

s 

19 

CO  a  .4 

?  *  .5 

Trimmability  acceptable.  Fa  UCtle  heavy, 
not  too  objectionable.  Reaponae  perhapa 
little  alow  but  acceptable.  Reach  and  hold 
g  acceptable  and  good.  Entry  and  recovery 
tuma  aatiafactory.  Track  In  turn  and  dive 
acceptable  and  very  good.  Puah-over  and 
pull-up  aatiafactory.  General  feel  accep¬ 
table  and  aattefaetory. 

t 

Tactical  rating  7,  alow  reaponaa.  high  Fa 
required  to  maneuver  and  tendency  to  over¬ 
ahoot  alightly  ia  acquiring  target.  UtiUty 
rating  Fg/g  about  right  for  utility,  ra- 

aponae  adequate  and  trimmability  ^ir. 

T 

22 

CO  a  ,3 

C  *  .2 

TrimmabiUty  acceptable  but  unaatiafaetory. 

Fa  acceptable.  Reaponae  acceptable  but 
oacillatton  mokee  It  difficult  to  fly  airplane 
with  any  preciaion.  Reach  and  hold  g  unac¬ 
ceptable.  Entry  and  recovery  turn  unaat- 
iafactory.  Track  in  turn  and  dive  unaccep¬ 
table.  Puah-over  and  pull-up  acceptable 
but  unaatiafaetory.  General  feel 
uanceeptahle. 

a 

Similar  to  Configuration  14.  not  qidta  aa 
dnageroua.  Very  bad  oaeillatory  charac- 
teriatica  and  poor  damping. 

a 

23 

CO  a  .3 

C  =  .4 

Some  difficulty  la  trimming.  Fa  aatta- 
factery.  Raapenae  to  control  ace^tnble 
except  for  oaeillatory  nature  of  abort 
period.  Reach  and  maintain  g  not  accep¬ 
table.  Track  ia  turn  and  dive  acceptaMe 
but  unaatta&ctory.  Puah-over  and  puU-iqp 
reaponae  aatiafactory.  General  feet  of  air¬ 
craft  acceptable  but  unaatiafaetory. 

T 

TrimmabiUty  affected  by  poor  dampiag  and 
oaeillatory  motion  in  guaty  air.  Fa/g  un¬ 
acceptably  high  and  reaponae  poor  for  fighter. 
Fa/g  aatiafactory  for  utiUty  but  difficult 
to  trim. 

7 

26 

CO  a  .3 

C  *  .8 

TrimmabiUty  poor.  Fg  not  objactionable. 
Reaponaa  aatiafactory.  Reach  and  main¬ 
tain  g  acceptable  end  aatta&ctory.  Entry 
and  recovery  turn  aattefaetory.  Track  in 
turn  and  dive  fairly  good  and  acceptable. 
Puah-over  and  pull-vp  aattefaetory.  Gen¬ 
eral  feel  acceptable  and  aatiafactory. 

3 

Deadbeat.  Tracking  good.  Changing  tar¬ 
get  good.  Ft  Ught  enough  for  tactical. 

UtiUty  rating  S  becauae  of  rapid  reaponaa 
to  elevator  and  light  Fa.  Fa  too  heavy  for 
fighter.  Difficult  to  atabiUsa  on  target. 

27 

(0  a  .2 

i  *  .3 

TrimmabiUty  poor  and  unacceptable.  Fa 
aatia&etory.  Rerponae  to  control  inittally 

OK  but  final  reaponae  poorer  becauae  of 
reveraal  ia  Fa  required  to  atop  it  at  given 
attitude.  Reach  and  hold  g  very  poor  and 
unacceptable  due  to  overahoot.  Other 
maneuvere  very  poor  and  unacceptable. 

Inability  to  preeiaely  control  aircraft. 

General  feel  very  pMr  and  unacceptable. 

a 

PIO  tendency  eaaily  reinforced  by  poor 
pilot  technique. 

a 

28 

CO  a  .2 

r  »  .5 

TrimmabiUty  very  poor.  ActuaUy  unable 
to  trim.  Fa  acceptable.  Reaponae  to  con¬ 
trol  very  poor  becauae  of  tendency  to  over- 
control  immediately  following  initial  edu¬ 
cation  of  force.  Reach  and  held  g  unaccd' 
table  doe  to  overahoot.  Tracking  ia  turn 
and  dive  unacceptable.  Puah-over  and  puU- 
up  unacceptable  due  to  weak  dampiag 
tendency  to  overeontrol.  General  feel 

Tendency  to  pitch  up  or  down  on  control 
deflection.  Fa/s  to' fiShter  toe  high 
cauaiag  a  tendency  to  muacte  any  pitch 
ehangea  and  titia  aggravatea  evareheot. 

Net  mmped  enough  for  tranaport. 

- _t. 

PILOT  I 


TrimmabiUty  a4r«va«iy  att«ct«d  by  leaf 
pbufold.  Frefttooey  moderate  oad  damping 
qiuite  poor.  OeeiUattoa  ceuld  be  damped  out 
toaouaUy.  Fg/f  eeemed  lolrly  biA.  Oe* 
eiUatteae  diuriag  mooeurere  could  be  daii^d 
out  by  band  but  ol^  lereee  required  eome 
effort.  Saeler  to  fly  VFR  than  XFR.  More 
comfortable  fereiof  ooee  into  peeltloa  **>«■» 
to  allow  aircraft  to  fly  Iteelf. 


TrimmabiUty  eatte^tory.  Moderate  fre* 
quancy.  relatively  poor  dompiaf.  Fe/g 
rather  heavy.  Oecillatloa  frequency  la  low 
enough  you  can  damp  out  by  hand.  Turn 
entry  and  recovery  little  bit  rough  but  not 
bad.  Tracking  in  turn  and  dive  eatie&etory. 
Puah'Over  and  pull-up  roapmioe  OK.  Would 
prefer  more  damping. 


Light  Fa/V  gradient.  Fg/g  aatiafactory. 
Little  hard  to  trim.  Keaponae  initially 
tended  to  overeontrol  in  going  into  turn 
becauae  of  ll^t  Fa  gradient.  Satia&ctory 
once  in  turn.  Reach  and  hold  g  aatiafac. 
tory.  Tracking  eatla&ctory.  Puah-ovor 
and  pull-up  reaponae  quite  light. 


Very  lighUy  damped.  Fa/g  aatiafactory; 
Frequency  low  enough  to  control  noee  poai- 
tlon  but  uncomfortaUe  to  fly  and  unaatia- 
factory  for  taetieal.  Not  eaay  to  track. 
Reaching  and  holding  g  not  comfortable  be¬ 
cauae  oc  oeciUatlon.  Puah-over  and  pull- 
up  aatiaflactory  exc^t  for  inability  to  ata- 
bilioe  on  g. 


Trimmabillty  aattefaetory.  Fa  aatiafactory. 
Frequency  ia  quite  lew  and  damping  relative¬ 
ly  poor.  No  tendency  to  try  to  drive  it  or 
overcontrol  it.  Reoj^nao  abowa  oaeillatory 
rootien  in  trying  to  atabiUae  in  turn.  Fre¬ 
quency  ia  low  enough  you  can  uaually  damp 
out  oaciUntioa.  Could  alao  do  it  on  aenai- 
tive  accelerometer  when  rapidly  changing 
tnrgeta.  You  run  into  problema  with  low 
frequency. 


Trim  difficult  to  get  aet  but  remaina  on 
good.  Reaponae  quite  alow.  Find  youraalf 
trying  to  hurry  aircraft  wltti  change  in  Fa. 
Snd  up  having  high  Fa  in  entriaa,  then  reduc¬ 
tion  in  Fa.  Cannot  hold  fine  tracking,  odier 
maneuvere  not  too  bad.  General  feel  fairly 
aluggiah.  Poor  aircraft  for  tactical 
maneuvering. 


Short  period  quite  alow  and  damping  cloaa 
to  neutral.  Fa  quite  high  in  initial  part  of 
motion,  dien  motion  become  a  a  continually 
oaeillatory  mode.  Tc.^dancy  to  overcontrol, 
continually  fighting  aircraft.  In  maneuvara 
aircraft  wonta  to  Sverga;  you  have  to  watch 
how  much  control  you  put  in.  Can't  really 
track  with  aircraft. 


Very  reaponaive  to  trim.  Apparently  high 
Fa  commenci^  maneuver  you  reallme  are 
due  to  your  forcing  aircraft  to  do  what  you 
wont  to  get.  Reapmue  ia  very  alow.  Tend¬ 
ency  to  overeontrol  in  oU  maneuvere .  Can¬ 
not  atabiliee  In  tracking.  General  feel 
unacceptable. 
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PILOT  I 

PILOT  J 

PILOT  K 

PI  LOT  L  Im 

turning 

•factory. 

h 

ane. 

• 

Trimmability  adverialy  affected  by  long 
phugoid.  Frequency  moderate  and  damping 
quite  poor.  Oacillation  could  be  damped  out 
manually.  Fg/g  geemed  fairly  high.  Oe- 
cillatione  during  maneuver!  could  be  damped 
out  by  hand  but  high  forcee  required  some 
effort.  Eafier  to  fly  VFR  than  IFR.  More 
comfortable  forcing  noae  into  poeition  than 
to  allow  aircraft  to  fly  Itielf. 

6 

Trimmability  satisfactory  and  remains  in 
trim.  Hard  to  hold  desired  g  because  Fg 
seem  to  be  changing  and  position  of  stick 
also  noticeably  changing  with  force.  Track¬ 
ing  in  turns  and  dives  not  difficult,  g  over¬ 
shoot  tendency  does  not  seem  to  be  present 
when  applying  negative  g  or  holding  in  the  dive. 
General  feel  -  forces  are  moderate  but  air¬ 
plane  response  little  too  rapid. 

4 

Trimming  -  no  problems.  Fg  little  high  and 
aircraft  tended  to  dig  in  whenever  you  applied 
positive  g.  Not  so  noticeable  in  nosing  over. 
Tracking  target  fairly  good. 

6 

Difficult  to  tr’.m  in  turbulence.  TDon't  like 
damping,  it  gives  way  too  much  oscillation, 
too  ^fficult  to  damp  out,  too  loose.  Period 
ie  rather  ehort.  Attaining  g  may  or  may  not 
be  a  problem. 

7 

•atifl- 

rHhoot 

Difficult 

F* 

a 

Trimmability  eatiefactory.  Moderate  fre¬ 
quency,  relatively  poor  imping.  Fg/g 
rather  heavy.  Oacillation  frequency  ie  low 
enough  you.  can  damp  out  by  hand.  Turn 
entry  and  recovery  little  bit  rough  but  not 
bad.  Tracking  in  turn  and  dive  satiafactory. 
Push-over  and  pull-up  response  OK.  Would 
prefer  more  damping. 

- 1 

Trimmability  satiafactory.  Fg  moderate  and 
satisfactory.  Response  good.  Responds  im¬ 
mediately  to  control.  Holding  g  easy  at  .5  g; 
at  1.5  and  2.0  there's  slight  oscillation. 

Tracking  in  turn  and  dive  satisfactory.  Seems 
to  have  slight  lag  in  motion  of  aircraft  which 
you  could  get  used  to. 

4 

Trimmed  very  nicely.  Could  go  right  on 
target  and  hold  on  target.  Fg  just  a  little 
higher  than  I  like. 

2 

All  aspects  affected  by  damping.  Exceseive 
response  to  initial  Fg  due  to  damping  char¬ 
acteristics.  Aircraft  too  loose  and  response 
too  quick  on  initial  application  of  Fg.  General 
feel  -  could  be  improved  in  damping. 

5 

1 

Light  Fg/V  gradient.  Fg/g  satisfactory. 

Little  hard  to  trim.  Response  initially 
tended  to  overcontrol  in  going  into  turn 
because  of  light  Fa  gradient.  Satisfactory 
once  in  turn.  Reach  and  hold  g  satisfac¬ 
tory.  Tracking  satisfactory.  Push-over 
and  pull-up  response  quite  light. 

3 

Trims  well.  Handles  well  in  turn.  Track¬ 
ing  in  turn  smooth.  Holding  g  excellent. 

Tracking  ground  target  not  quite  as  good  as 
holding  g,  little  tendency  to  overcontrol  but 
still  good. 

2 

Easily  trimmed.  Aircraft  feels  solid  and 
moves  to  where  you  want  to  put  it.  Fg  tend 
to  be  little  light  in  making  pull-ups  so  you 
tend  to  come  up  to  your  g  rather  rapidly. 

2 

Trimmability  not  bad  unleec  ruffled  by  air. 

Static  stability  seems  to  be  slightly  nega¬ 
tive.  Damping,  ie  very  soft  which  combined 
give  it  poor  handling  qualities.  Applying 
g's  have  small  Fg  requirements. 

7 

1 

Very  lightly  damped.  Fg/g  satisfactory. 
Frequency  low  enough  to  control  noae  posi¬ 
tion  but  uncomfortable  to  fly  and  unsatis¬ 
factory  for  tactical.  Not  easy  to  track. 

Reaching  and  holding  g  not  comfortable  be¬ 
cause  of  oscillation.  Push-over  and  pull- 
up  satisfactory  except  for  inability  to  sta- 
biliae  on  g. 

s 

Trimmability  little  difficult.  Holding  g 
difficulty  because  forces  vary  when  trying 
to  hold  constant  g.  Tracking  in  turns  not 
too  bad.  Little  slow  to  respond  and  slight 
tendency  to  overcontrol.  Tracking  in  dives 
not  too  bad. 

4 

Aircraft  tends  to  oscillate  when  trying  to 
bring  it  to  a  particular  attitude. 

7 

Trimmability  poor.  Difficult  to  remain  in  trim 
because  of  poor  damping  and  excessive  oscil¬ 
latory  motion.  Response  too  sensitive  for 
initial  Fg  application.  Reaching  and  holding 
g  -  undesirable  due  to  poor  damping.  Entry 
and  recovery  from  turns  -  oscillatory.  Track¬ 
ing  in  dive  marginal  due  to  initial  force  input 
and  reapoaee.  Once  settled  down  it's  easier 
to  control.  General  feel  unsatisfactory  for 

Uctical.  7 

ng  and 

8  un- 
r  fighter, 
ult 

7 

Trimmability  satiafactory.  Fg  satisfactory. 
Frequency  is  quite  low  and  damping  relative¬ 
ly  poor,  No  tendency  to  try  to  drive  it  or 
overcontrol  it.  Response  shows  oscillatory 
motion  in  trying  to  stabilize  in  turn,  Fre¬ 
quency  is  low  enough  you  can  usually  damp 
out  oscillation.  Could  also  do  It  on  sensi¬ 
tive  accelerometer  when  rapidly  changing 
targets.  You  run  into  problems  with  low 
frequency, 

9 

Little  difficult  to  settle  down  at  precise 
trim.  Fg  light.  Tendency  to  overcontrol 
when  trying  to  hold  steady  g  because  force 
changes  after  applying  g.  Slight  oscillation 
present  in  all  maneuvers.  General  feel 
satisfactory  but  little  hard  to  control 
precisely. 

4 

Easy  to  trim.  Flies  well.  Usually  have 
one  oscillation  before  getting  right  on  ground 
target.  Can  get  right  on  air  target. 

2 

Trimmability  satiafactory.  Remain  in  trim 
satisfactory.  Fg  accepUble  initially;  final 
part  of  motion  tends  to  initiate  unacceptable 
oscillation  of  aircraft.  Reaching  g  satisfac¬ 
tory;  bolding  g  unsatisfactory  due  to  tend¬ 
ency  to  overshoot.  Entry  and  recovery  from 
turns  oscillatory.  Push-over  OK  but  track¬ 
ing  is  oscillatory.  General  feel- tactically 
unsuitable. 

7 

tar- 

1. 

onse 
■ry  for 
et. 

_ a 

Trim  difficult  to  get  set  up  but  remains  on 
good.  Response  quite  slow.  Find  yourself',^ 
trying  to  hurry  aircraft  with  change  in  Fg.  “ 

End  up  having  high  Fg  in  entries,  then  reduc¬ 
tion  in  Fg.  Cannot  hold  fine  tracking,  other 
maneuvers  not  too  bad.  General  feel  fairly 
sluggish.  Poor  aircraft  for  tactical 
maneuvering. 

s 

Trimmability  satisfactory.  Wide  trim 
speed  band.  Just  about  deadbeat.  Slight 
tendency  to  have  to  apply  more  control 
once  I  get  g's.  Fs  fairly  light.  Aircraft 
seems  little  sluggish.  Seems  to  be  a  little 
lag  of  aircraft  to  control  during  tracking 
in  dive.  General  feeling  fairly  easy  to  handle 
but  little  slow  to  respond. 

s 

Easy  to  trim.  Very  easy  to  handle.  Goes 
where  you  want  it,  no  overshoot.  You  can 
put  it  right  on  target. 

1 

Holds  trim  fairly  well  except  vdien  hitting 
turbulence.  Appears  to  have  neutral  static 
stability,  very  poor  damping.  No  pro¬ 
nounced  tendency  for  oscillation.  Response 
of  aircraft  unnatural.  Reach  and  hold  g  OK. 

Track  OK  although  a  little  bit  sloppy.  Gen¬ 
erally  unsatisfactory  for  tactical  as  medium 
bomber. 

or 

» 

Short  period  quite  slow  and  damping  close 
to  neutral.  Fg  quite  high  in  initial  part  of 
motion,  then  motion  becomes  a  continually 
oscillatory  mode.  Tendency  to  overcontrol, 
continually  fighting  aircraft.  In  maneuvers 
aircraft  wants  to  diverge;  you  have  to  watch 
how  much  control  you  put  in.  Can't  really 
track  with  aircraft. 

8 

Doesn't  seem  we  have  long  enough  time  to 
trim.  Poor  damping  and  light  Fg  give  tend¬ 
ency  to  overshoot  g,  seems  to  almost  di¬ 
verge.  Tracking  in  turns  and  on  target  not 
as  bad  as  holding  g.  Stick  motion  not  no¬ 
ticeable.  Aircraft  responds  fairly  well 
but  poor  damping  gives  rating  of  6. 

6 

Took  a  while  to  trim.  Tend  to  get  oscilla¬ 
tion  vdienever  you  start  maneuver.  Fg  are 
not  bard.  Once  oscillabone  have  settled 
down,  you  can  hold  target  fairly  well  until 
disturbed  again. 

7 

Trimmability  and  holding  trim  poor  due  to 
damping.  Oscillatory  motion  excessive  about 
trim.  Fg  for  sudden  epplication  of  force  are 
too  light  with  airplane,  response  correspond¬ 
ingly  too  sensitive.  Reaching  g  good,  holding 
g  unsatisfactory.  Entry  and  recovery  from 
turn  too  oacillatory.  Tracks  poorly  in  dive 
due  to  oscillation.  General  feel  one  of  dis¬ 
comfort,  fatigue-inducing. 

g 

1 

Very  responsive  to  trim.  Apparently  high 

Fa  commencing  maneuver  you  realize  are 
due  to  your  forcing  aircraft  to  do  what  you 
want  to  get.  Response  is  very  slow.  Tend¬ 
ency  to  overcontrol  in  all  maneuvers.  Can¬ 
not  stabilize  in  tracking.  General  feel 
unacceptable. 

7 

Difficult  to  trim.  Difficult  to  fly.  Fp.are 
light  and  aircraft  responds  steadily  and  in- 

applied,  makes  it  hard  to  control.  Tracking 
in  turns  fair  if  pilot  is  right  on  controls  but 
controlling  small  change  in  point  of  aim  dif¬ 
ficult.  Holding  g  difficult.  Susceptible  to 
overcontrol  and  PIO. 

9 

Easy  to  trim  but  more  seneitive.  Fg  are 
light  and  when  applying  g  you  tend  to  just 
dig  in  slightly.  Aircraft  flew  fine  when 
making  smooth  small  corrections.  Just  a 
little  too  seneitive,  though.  Tracking  dif¬ 
ficult  because  of  overshoot  and  digging  in. 

6 

Easy  to  trim  but  difficult  to  maintain.  Slow 
oscillations  induced  by  attempt  to  maintain 
trim  by  yoke.  Initial  Fg  application  induced 
too  abrupt  an  aircraft  initial  response.  Very 
low  frequency  oacillation  in  tracking  and 
turns  requiring  low  frequency  damping  by 
pilot.  Not  dangerous,  but  very  tiring  and 
difficult  tactically. 

7 

SHORT- LOOK  COMMENTS  (CONTINUED) 
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CONFIG¬ 

URATION 

PILOT  M 

PILOT  N 

PILOT  0 

15 

O  -  A 

Z  =  .2 

Trimmability  •fttltCtcMry.  D*mpinf  Ikirly 
poor,  F|  in  initial  port  of  any  motioft  »p> 
poors  aotiifaetory.  Roaeb  and  bold  j  OX; 
howovar.  oaclllato  about  (  onco  ebtalnod. 

Entry  and  rocovory  from  turns  OK.  Saomt 
to  bo  follow-up  U|  in  aircraft.  Dltforonti- 
ation  botwoon  control  position  trackinf  in 
turns  and  divas  eompromisod  by  poor  dampinf . 
Puab>ovsrs  and  pull-up  OK. 

s 

Trimmabllity  fair.  setisfectory.  Alr- 

^creft  response  to  initial  stick  input  unaccep¬ 
table  because  it's  very  abrupt.  Once  ateady 
in  turn,  no  mere  problem.  Reach  ane  bold  g 

OK  except  right  around  1  g.  You  don't  have 
control  ever  initial  response  as  well  as  you 
should.  Track  in  turns  end  dlvss  poor,  con¬ 
tinual  smell  oscillations  no  good  for  gunnery. 
Oenarel  feel  unacceptable. 

s 

TrimmebiUty  very  good.  Damping  of 
short  period  not  very  good.  Oscillation 
gave  trouble  when  tracking  in  turns  and 
in  dive,  mere  trouble  in  dive. 

9 

16 

6)  s  .4 

r  =  .3 

Esaontially  samo  commonto  as  Confi|uration 

IS,  Hcwsvor,  froquoncy  appoaro  a  littlo 
bit  lowor  and  gonoral  fool  of  aircraft  lo 
bottor. 

8 

Easy  to  trim,  Fs  a  llttla  high  for  my  liking. 
Aircraft  response  good.  Flies  very  nicely. 
Tracking  was  surprising  since  1  kept  ever- 
shooc-ng  hack  and  forth;  other  maneuvers 

OK.  1  didn't  think  I  would  have  the  trouble 
in  tracking.  General  feel  excellent. 

2.8 

TrlmmabiUty  good.  Trimmed  quickly 
end  stayed.  Damping  good  but  would  be 
happier  with  just  e  little  more,  Tracking 
good.  As  e  whole  didn't  really  Uke  it. 

Seems  little  aluggish  or  little  heavy. 

4 

19 

O  -  A 

K  =  .5 

Dampod  satisfactory.  Poriod  slightly  loi^. 
Turns  OK.  On  puah-ovor  to  2S0  mph,  .abil¬ 
ity  to  got  on  targot  quicly  eompromisod. 

Gotting  a  dsiayod  rssponoo.  Appoars  to  bo 
a  stop  chango  in  fores  gradiont.  In  ordor 
to  stay  On  Urgot  oscillation  froqusney  is 

Just  a  littls  too  high. 

8 

Pretty  easy  to  trim.  F^  light,  good  on  ini¬ 
tial  part  but  appear  high  at  2  g.  Holding  g 
is  quits  easy.  Entry  and  recovery  from 
turns  sstisfactory.  Tracking  in  turn  and 
dive  poor  particularly  in  dive.  Skort  rather 
rapid  oscillation  which  you  tend  to  over¬ 
control.  General  fesl  satisfactory. 

s 

TrimmebiUty  good.  Long  time  to  trim 
down  fine.  Damping  good  but  slow.  Turns 
and  tracking  in  turns  and  dives  pretty  good, 
among  best  seen.  Complained  about  alow 
damping  (low  frequency).  Don't  Uke  to  kave 
to  wait  for  oscillation  to  damp. 

9 

22 

=  .3 

?  =  .2 

TrlmmabiUty  eompromisod  by  aircraft 
dynamict.  Fg  too  light,  frsquoncy  too  high. 
Track  in  turn  and  diva  lousy.  Rosponso 
isn't  good  but  you  can  hold  rolativsly  con¬ 
stant  g  with  lot  of  attention.  Too  much 
attention  to  provide  damping. 

7 

Took  some  effort  to  trim.  Fe  heavy 
initially  but  not  proportionately  bssvier 
to  go  to  higher  g.  So  1  didn't  like  it. 

Maneuvers  OK  ss  long  as  you  use  smooth 
controls.  Csnsrsl  fssl  of  eirersft  poor. 

If  you  make  normal  control  movamsnts 
you  get  s  little  PIO  set  up. 

8.8 

23 

A)  «  ,3 

K  =  .4 

TrlmmabiUty  good.  appear  light.  Air¬ 

craft  rosponso  OK.  Frequency  just  little 
low  but  damping  appoars  OK.  Roach  and 
hold  g  good.  Apparent  lowering  in  Fo 
gradiont  boro  is  approciatod  and  would  bo 
dosiraUs  in  aircraft  such  as  this.  Manou- 
vors  OK.  Slight  ovoreboot  in  push-over 
andpull-upo.  taerooaod  frequency  of  domp- 
Ing  would  make  it  a  little  Mt  bettor. 

8 

Trimmsbility  fair.  F^  higher  than  I  lika. 
Maneuvers  OK.  Initial  forces  for  stnall 
changes  wars  higher  (ban  i  liked,  and  1  bad 
a  very  slight  tandsney  to  overcoatrol.  Ccs- 
sra)  fssl  good. 

8 

Trimmabtlity  good.  P«  good.  Aircraft 
lago  behind  control  somowhet.  Not  bod  for 
this  olrcreft.  though.  Roocb  end  hold  g 
good.  Msnouvoring  force  grodiont  is  light 
and  1  like  it.  Manouvors  good.  No  un¬ 
damped  oscillation. 

3 

Trimmsbility  good,  littls  bit  slew.  F* 
initial  part  -  good  but  maneuvering  over 

1  g  gives  Impression  of  F.  U|btsninf. 

Seems  to  be  Ing  in  eireren  response. 

Impression  of  Fs  lightening  may  be  just 
due  to  lag  in  rssponss.  Maneuvers  OK 
except  lor  this  delay  in  response. 

8 

TrlmmabiUty  not  very  good.  Neutrally 
or  slowly  negative  static.  Tracking  good 
in  turns  end  dives  if  kept  close  to  where 
wanted,  but  if  it  gets  sway,  it's  a  prob¬ 
lem  to  get  back. 

6 

27 

O  =  .2 

?  =  .3 

Any  trlmmabiUty  almost  by  accident.  2  - 
3  knot  band.  Fa  and  poor  damping  moke 
this  prot^  lousy.  Response  oooms  to  lag 
behind  stick  but  pulse  input  con  provide 
damping.  During  maneuvers,  you  must 
supply  own  dsmping.  Response  in  push¬ 
over  and  pull-i^  eppeere  to  be  divergent 
oscillation.  Frequency  is  not  so  Ugh  that 
it  can't  be  damped. 

% 

Not  too  difficult  to  trim  but  wouldn't  bold. 

Ff/i  end  F,  for  initial  part  of  response 

OK  but  aircraft  response  seems  to  leg 
pilot  input  so  there’s  tremendous  tendency 
to  overshoot  end  gat  oscillation  going. 

Very  easy  to  got  away  from  you.  Any 
maneuver  with  aircraft  would  be  uns^e, 
very  bed,  borders  on  dangerous. 

9 

Trimmsbility  not  good.  Takes  long  time 
to  trim.  Neutral  or  slowly  negative 
■teticelly.  Frequency  was  so  low,  not 
really  seeing  what  1  wanted  to  see.  Don't 

Uke  it,  bed.  Tracking  wasn't  good  but 
could  heck  it.  Nose  didn't  move  as 
rapidly  as  1  wanted. 

5 

28 

0)  =  .2 

?  =  .5 

i  TrimmeblUty  very  poor.  Fo  eppeer 

setisfectory.  Aircraft  responee  ewey 
from  trim  not  too  good,  eppeere  oteticeUy 
unstable.  Maneuvere  teir.  General 

Impression  -  bsd. 

• 

Trimmabllity  extremely  poor.  Ft  light 
iidtinlly,  causes  Immediate  response,  wants 
to  overshoot.  Must  reverse  controls  on 
rapid  pull-up  to  2  g  to  evert  overshoot. 

Entry  end  recovery  from  turns  not  quite 
as  bad  due  to  application  of  beck  pressure. 
Push-over  end  pvdl-up  response  too  quick. 
General  fssl  -  vary  bed,  almost  dangerous. 

9 
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CONFIG¬ 

URATION 

PILOT  A 

PILOT  B 

PILOT  C 

1 

A)  =  .8 

K  =  .2 

Caay  to  trim,  atay*  at  trim.  High  Fg  to 
make  airplane  move,  aaay  to  bold  g. 

Oacillatlon  in  tracking  at  any  attempt  to 
adjuat  point  of  aim.  Faala  overly  atiff. 

e 

Trima  wall.  Rapid  raapona*  ta  central. 

Slight  hunting  and  tandoncy  to  evoreontrel 
in  tracking  and  raeavary  from  g,  but  no 
hunting  wUla  trimming. 

3 

Trim  lair.  Raapona*  good,  quick  and 

Uvaly,  with  quit*  a  bit  of  ovarahoot.  Fa 
medium  to  heavy.  Tracking  fair,  bobblaa 
but  damp*  out, 

4 

3 

6)  =  .8 

C  =  .5 

Trim  aaay  and  pracia*.  Raaponda  vary 
cloaaly  to  control  input*,  no  delay.  Caay 
to  Vaach  and  bold  g,  no  eacillation.  Caay 
to  track,  alight  oacillatton  for  abrupt  cor* 
raetiona.  F*  medarai*.  would' Uk*  laaa 
build-up  in  F*  with  *p**d. 

z 

Trim*  woll.  Could  gat  daairad  g  wall.  Ra* 
apona*  motion  and  time  good.  Could  acquire 
and  maintain  target  wall,  good  raapona*  time 

In  raeavary.  Oocillatory  motion  nil  wbll* 
trimming,  but  show*  in  tracking  and  manau- 
varing,  Not  anougk  to  be  undsairabl*. 

t 

Trim*  good,  maintaina  trim  OK.  Raapona* 
good,  madium  Uvaly,  no  lag  or  ovarahoot. 
Tracking  good,  raapona*  axcallant,  no 
problama  in  pull-out.  Fg  light  to  madium. 

t 

5 

6)  =  .6 

?  =  .2 

Trim*  fairly  aaay.  Raaponda  fairly  wall 
to  control.  Fa  modarata  ta  heavy  to  atart 
manauvar,  than  aa**  oacillataa  around 
doalrad  g.  F*  vario*  during  o«cillatien. 

Caay  to  acquire  target,  but  email  aaclUa- 
tion  in  tracking. 

4 

Trim*  fair.  Raapona*  alow,  with  delay. 

Fa  high  at  firat,  than  light,  than  heavy. 
Oacillatlon  ia  manauvar*  and  tracking,  dtf* 

travel. 

7 

Trim  OK.  Raapona*  OK  axcapt  weak  damp* 
lag,  wigglaa  in  pluh.  Tracking  can  b*  den* 
with  effort.  Noa*  bobblaa  around,  *e  track¬ 
ing  not  good.  Fa  a  littl*  high. 

8 

6 

CD  =  .6 

C  =  .3 

Trim*  vary  aaay.  Roapond*  woll  to  cmi- 
tret,  poaitiva  but  parhap*  littl*  alow.  Fa 
modarata  to  hoavy.  Caay  to  gat  and  hold  g. 
Traekiiit  pretty  steady. 

8 

Trim*  poor  to  bad.  Acquire  and  hold  g 
fair,  but  Fa  firat  high,  than  lew,  than  high 
again.  'A  littl*  alow  to  acquire  target, 
tracking  aoma  hobbling  but  fair.  Racevara 
in  Btapa.  Excaaalv*  atick  traval  coma* 
with  varying  force*. 

• 

Trime  quit*  aaaily.  Raaponaa  quit*  good, 
geoa  right  to  where  you  want  it,  amoeth. 

Damp*  quickly.  Eaay  to  hold  ataady  g. 

Tracking  good,  if  diaturbad,  got  email 
axeuraion  but  damped  wall.  Faala  good. 

F*  modarata, 

t 

7  ft  8 

6)  s  .6 

C  =  .5 


Trim*  «Ke*pcloMUy  auy.  iMintkiM  trim 
««11.  |l«*pond*  quit*  «*U,  *  Utt>*  alow, 
but  no«*  mov««  with  Fg.  C**y  to  r**eh  knd 
hold  gi  C*«y  to  ocquir*  t*tf*t.  Sli|ht 
bobbU  at  <ir*t  than  tto*dy  in  trachlnf .  r« 
modarat*. 


Trim*  fair  (good),  ftapid  raapooa*.  F.  da>  Trim  iairly  May  a*d  quick.  iftaiBlai** 

*ir»U*.  Baay  to  acquit*  OAd  hold  g.  Track*  trim  wall.  R*a^na*  goedi  Uv*ly  and 

ing  tair.  Ability  to  aequir*  and  hold  Urgat  amootk,  daadboat,  1**1*  good.  Baay  to 

lair  to  good.  Slight  evaraboot  on  g  in  aulU  gat  and  held  g.  Tracking,  real  *aay>  a 

out.  Complain*  allghtly  el  F*  a  Uttl*  light  real  Joy.  F|  modi  urn.  (amall  pitch 

(heavy)  in  raeovary.  oacillatlon,  damp*  out  quick). 


9  ft  10 
c<)  =  .5 


Trim*  aaay.  mainuin*  trim  wall.  F, 
modarata,  roapond*' wall,  atikougb  a  littl* 
■low.  Hard  to  acqulr*  g  du*  to  oacillatlon, 
but  quit*  aaay  to  maintain  mwn  g.  Oocil* 
lataa  during  tracking,  lollowing  corraction*  > 


Trim  good,  ftaaponsa  rapid  and  good.  Ac* 
quira  and  hold  g  good,  but  »how*  oaollation. 
Tracking  dilfieult  dua  to  oacillatlon.  F* 
laal*  good  at  trim,  only  aUght  bebbla,  but 
appaar*  varlabl*.  lir*t  Ugkt,  tkanbaavy, 
than  light  in  manauvar*  and  tracking. 


Trim*  with  tom*  dilliculty  in  finding 
trim.  Maintain!  trim  OK.  Raapena* 
adaquata;  net  livaly,  not  aluggiak.  0*> 
ciUata*  a  littl*  around  dasirad  g.  Track* 
ing  net  praci**  du*  to  nacillatlen  of  no**, 
can  damp  wittt  raal  aflort.  F,  avaraga, 
varia*  com*.  Ganaral  foal  avaraga,  not 


<  =  .2 


Trim*  vary  aaay.  Raaponda  wall.  1**1* 
good,  r*  light  to  modarata.  Caay  to  reach 
and  maintain  g,  oacillatlon  vary  wall 
damped.  Eaay  to  acquire' target,  vary  aery 
to  track.  Caay  to  bold  g  in  recovery. 


Trim  good.  Quick  raepona*  to  gat  atartad, 
than  lag  to  atop  motion.  Howavar,  could 
roach  and  hold  g.  Tracking  good,  but 
noa*  tanda  to  kaap  rialng  altar  recovery 
ia  atartad.  Cenaciou*  control  alfort  r*» 
quirad  to  atop  motion. 


Trime  OK,  maintaina  trimOK.  Raapona* 
good,  quite  livaly,  but  bobble*  *oma. 

Caay  to  gat  and  hold  g,  but  a  littl*  alow  lor 
figbtor.  Trccka  wall,  but  pilot  haa  to 
fly  it.  Recovery  ia  good.  Canarally  foal* 
good,  damping  ia  adaquata. 


Trim  not  difficult,  maintain*  trim  wall, 
but  oacillata*  for  avary  corraction,  hard 
to  damp.  Initial  raapona*  good,  than  mo¬ 
tion  itoppad,  than  picked  up  again.  Could 
maintain  maan  g,  bard  to  acquire  exact  g. 
OaclUsta*.  Tracking  hard  bacauaa  of 
oacillatlon.  Dialikad  varying  Fa  during 
motion. 


I 


Trim  poor  to  fair.  Hold*  trim  OK  but 
bobblaa  for  avary  cerractlen.  Raapona* 
eaama  delayed  ia  atarliag.  than  bobblaa, 
bard  to  damp.  Tracking  uaaccaptabl* 
bacauaa  of  ovarconlrolUag  and  bebbla. 
Fa  heavy  at  firat.  than  lij^tar. 


« 


z 


Trime  OK,  holda  trim  OK,  but  oacillatery. 
Raapona*  OK,  but  bigb.F*  to  at*rt  motion, 
than.eaclllataa.  Can  bold  g  OK  axcapt 
oacillataa  around  g.  Tracking  no  good, 
bobblaa  all  th*  time.  Pilot  tanda  to  rain- 
forc*  oacillatlon.  Fa  high. 


•  • 
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CONFIG¬ 

URATION 


PILOT  A 


PILOT  B 


PILOT  C 


A)  »  .4 

K  =  .2 


16  a  17 
A)  s  .4 
r  »  .3 

19  a  20 

A)  =  .4 

K  .5 


23  a  24 
A)  *  .3 
C  =  .4 

.  /• 

26 

A)  =  .3 

K  =  .8 


T«  *  vim  M«y.  R«4po«d«  w«U  MC«at  . 

M  mcquirm  ini  m&tiitmiM  g ,  hmr4  to 
tu'vmcli  btcaum*  U  Mcillmtiom.  amspood*  to 
i«CKT!mitUUontrol  mnUoa,  ta*n  ilowm  down  oni 
up*  F'**!*  Uk*  roUmr  cooaior. 


X'rlmMsy.  Fg  nMimrAt*  to  ii^t.  Koopooda 
ivoll,  lomo  olfort  to  m&k«  U  novo.  Sli^t 
»«cilkaoit.  £*ty  to  moloCAio  f,  oUfkt 
— obtwi  in  TMcUng  g.  Foirly  oooy  to  %c« 
^uiri  io4  kol4  tiTfot,  oltkoo^  amoU  oocil- 
;stlM.  Small  iribouiMl  duriog  rocovory, 
Bll|klly  oluaaialito  oWM  metiott. 


T  W-l  rimi  oooy  but  io*»  not  moiotoin  trim  vary 
owwill,  a««pofid<  volt,  feliowi  coiktroU  ol- 
nrssioiiiuctly.  Eiiy  to  voock  and  bold  g. 
QHCiljr  to  ocauiro  lad  bold  ttrgot  Ond  afloat 
of  aim.  Vottld  ovorakoot  aomatlmoa. 
F^IViU|kt  to  modiratOi  U^t  ^riag  tracklag. 


aaay,  oacftlatoo  in  cotracUoaa.  Sa* 
^m^ut  a*dck  to  initial  control,  tban  alow 
Ak4oM<iai*iotkal  control.  ovartkMta.  Not 
O>^omiortablo  to  icguira  and  bald  g.  Oacillataa 
i  i;  in  tricking .  Canaat  hold  g  itaady  in  ra* 

(»  ««ity.  Fa  ligkt  aaougb  batvartaa,  light, 
h<  li«»y,  light  agiin. 


Irint  oaaily  kut  dooa  not  iMincain  trim 
V  «4ll.  Aaopeadi  ilow  but  amooth,  ali^t 
%  OKlllatioa.  Ff  light  than  kaavy.  Could  hold 
g  g,  kii  owaroboot  gactlng  it  kaeauaa  motioa 
a  ccrotlnuoa  onca  ittrtad.  Traeka  lair  to 
g  |Mi,  aoma  etdllation.  Fn  light  in 
«  tiitklngt 


Trlmaaay.  but  doaa  not  maintain  trim 
rill.  Pratty  good  to  raack  and  hold  g, 
oytrikoot  aom«  bacauaa  kaapa  moving  altar 
MBlrola  atoppid.  Staya  ia  whatavar  at* 

U  ia  laft.  Traching  aaay  and  ataady. 
N  light. 


Tnma  poor.  Holda  trim  OK.  hut  oaciU 
laUa  whila  trimming.  Can  gat  and  bald  g 
alaarly,  hut  ovarcantrol  aad  oacillata  lor 
abrupt  manauvara.  Saroa  lor  tracking: 
toe  much  hobhla.  Fa  variable,  haavy, 
than  light,  tban  haavy. 


Trim  good,  haapanaa  time  aatialaclary, 
ikaugh  ahertar  time  daairabla.  Could  gat 
and  hold  g,  alight  eacillaliaa,  damped 
gttickly.  Could  aequiva  and  track  target 
vail,  kut  email  aacillatiM,  aapaclaUy 
Car  abrupt  carractiana.  Soma  ovaraboot 
al  g  and  oacillation  an  recovery. 


Trim  good,  haapenaa  goad;  a  littla  alow 
but  aoltd.  littla  ilow  to  gat  g,  otharwiaa 
good.  Tracking  goad,  noaa  ataya  put,  no 
aacillatian,  but  F|  aaama  baavy. 


Trim  good.  Haavy  Fg  to  atart  manauvar. 
than  muat  figkt  it.  laitial  raapenaa  rapid, 
tban  builda  up.  Hard  to  maintain  g  bacauaa 
noaa  wanta  to  keep  gaiag  up.  Trackiag  ail, 
hard  to  atop  aacillattan.  Faala  apaagy. 
muahy.  Fg  laala  light  in  rocovory,  than 
evarakeot  g.  Sacaaaive  atick  motioa. 


Trim  telr  to  poor.  Kaaponaa  time  good. 
Can  raack  and  hold  g  aaaily,  aa  ovaraboot 
or  oaciUatioa.  Trackiag  lair  to  good, 
alight  oacillafioa.  la  rocovory.  motioa 
etarta  dtoa  dalaya.  Kaquiraa  varyiag  Pg 
to  companaato. 


Trim  aaama  good,  ataady,  but  hard  ta  lind 
trim.  Quick  raapenaa,  although  raquiraa 
largo  atlek  travel,  than  wanta  to  keep 
moving.  Hard  ta  kit  g.  bacauaa  noaa  kaapa 
moving.  Tracking  tnir;  can  bold  target, 
but  motion  centinuaa  altar  you  axpact  it 
to  atop.  Sama  ia  recovery.  Kaquiraa 
large  Fg  to  atop  notion. 


Trima  OK,  aUyt  trimmed  lairly  wall.  Oa> 
ciUataa  in  turbulaaca.  Kaaponaa  amaoth, 
medium  alow,  wiak  it  ware  taatar.  OaciU 
lataa  about  daairod  g .  Tracking  no  good 
bacauaa  ol  oaciUatioa,  aematimaa  rain* 
forced  by  pilot.  Fg  modarataly  baavy. 


Trim  pratty  good,  apparently  not  wall  de¬ 
fined.  Kaaponaa  adequate,  not  real  lively. 
Slight  delay  in  getting  moving.  Tracking 
lair  to  poor  bacauaa  of  oiciUation  whan 
diaturbad.  Ff  modarataly  heavy,  not  bad, 
Foal  average,  could  bo  baiter. 


Trim  OK  (not  too  aaay.  not  wall  dalinad). 
Kaaponaa  goad,  gooa  where  you  want  it, 
vary  little  oacillation.  Caay  to  maintain 
g.  Tracking  good,  vary  alight  ovarahoot, 
dampa  quickly.  Praciaa  and  nica  to  fly. 
Fg.&lrly  light. 


Can  trim  pratty  well,  however,  alow  re¬ 
turning  to  trim,  and  oacillataa.  Difficult 
to  reach  g.  oacillataa  around  g.  Faala 
that  it  ia  not  going  to  do  what  you  want  it 
to.  Tracking  difficult,  wallowa  and  oacil- 
lataa,  Ovarahoota  g  on  recovery,  Faala 
poor. 


Trima  OK  (fair).  Kaaponaa  fair  to  good, 
wall  damped.  A  littla  ovarahoot,  hut  can 
malnuin  g.  Tracking  aaay.  bolda  target, 
but  aluggiah  to  move.  Fg  roaaonably  light 
(medarata).  Gonaral  faal  accapkahla  (haraly 
adequate). 


Trim  a  littla  difficult,  not  well  dafinad 
Kaaponaa  OK  but  peculiar.  Kaaponda  to 
control  tbon  dampa  and  atopa.  Holda  g 
and  traeka  wall,  vary  itaady.  Fg  med¬ 
arata  except  vary  high  in  tracking  and 
manauvoring. 


CO  =  .2 

K  -  .3 


Quill  wnay  to  trim.  Kaaponda  ^riy  olowly 
teiontrola,  oioillntiono  damp  olowly,  Init- 
tilraaponaw  tM  quick  than  overohoet  g, 
sicUlatn  nround  it.  Pilot  aggravatao  eacll- 
latiin.  Trucking  no  good,  hard  to  avoid 
oiclllation.  Ricovwr  in  at^.  Fa  fael 
nrf  light,  thin  lUlfen  with  g. 


Trim  vary  bnd.  Vary  bad  to  dkngareua  if 
g  appUad  abruptly.  No  idea  of  what  g  you 
will  got.  Tracking  nearly  impogaibla. 
Pilot  fight!  airplane  and  Inducae 
oacillation. 


Trim  not  too  had  but  doaa  not  maintain 
trim  apaod.  Kaaponaa  alow,  gat  more 
motion  than  you  want.  Hard  to  hit  g. 
kotpi  moving,  oacillataa,  hard  to  damp 
out  without  overcorracUng,  Fnala 
uncomfortable,  it  wanta  to  get  away. 

Fg  not  bad. 


28  a  29 
A)  =  .2 
?  --  .5 


Nit  vary  good  to  trim.  Kaaponda  quickly, 
ihinkwope  moving  and  ovarahoota.  Pilot 
^ort  producii  oacillatiotta.  Very  dif- 
Ucolt  to  track  bacauaa  of  ovaraboot.  Fa 
virr  li|ht  to  modarata. 


Trim  difficult  to  daagaroua.  Faala  like 
taatar  totter.  Won' t  hold  trim.  Ra- 
eponaa  laga  after  control  applied,  than 
raapenaa  kaapa  building.  Pilot  effort 
than  producaa  oacillation.  Kaaponda 
alowly  than  ovarahoota.  Vary  bad  for 
alow  careful  manauvara;  dangaroua 
for  abrupt  enoa. 


Trim  aomowkat  difficult.  Kaaponaa  alow, 
aluggiah,  but  peculiar.  Cat  large  axcur- 
aion  from  ii^ut.  Dampa  alowly,  no  oacil- 
lation.  Tracking  not  good,  wallowa,  tough 
to  gat  hack  on  target.  Pilot  gota  out  of 
phaao.  Faala  weird,  fool  diaconnoctod 
from  airplane.  Fa  fairly  light. 


LONG-LOOK  COMMENTS  (CONTINUED) 


Note-  31^*^  comments  in  parentheses  are  for  repeat  evaluations. 
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